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10 PERHYDROLASE 

The present application claims priority under 35 U.S.C. §1 19, to co-pending U.S. 
Provisional Patent Application Serial Number 60/526,764, filed December 3, 2003. 

15 

FIELD OF THE INVENTION 

The present invention provides methods and compositions comprising at least one 
perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
20 peracids. The present invention finds particular use in applications involving cleaning, 
bleaching and disinfecting. 

BACKGROUND OF THE INVENTION 

Detergent and other cleaning compositions typically include a complex 
25 combination of active ingredients. For example, most cleaning products include a 

surfactant system, enzymes for cleaning, bleaching agents, builders, suds suppressors, 
soil-suspending agents, soil-release agents, optical brighteners, softening agents, 
dispersants, dye transfer inhibition compounds, abrasives, bactericides, and perfumes. 
Despite the complexity of current detergents, there are many stains that are difficult to 
30 completely remove. Furthermore, there is often residue build-up, which results in 
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discoloration (e.g., yellowing) and diminished aesthetics due to incomplete cleaning. 
These problems are compounded by the increased use of low (e.g., cold water) wash 
temperatures and shorter washing cycles. Moreover, many stains are composed of 
complex mixtures of fibrous material, mainly incorporating carbohydrates and 
5 carbohydrate derivatives, fiber, and cell wall components (e.g., plant material, wood, 
mud/clay based soil, and fruit). These stains present difficult challenges to the 
formulation and use of cleaning compositions. 

In addition, colored garments tend to wear and show appearance losses. A portion 
of this color loss is due to abrasion in the laundering process, particularly in automated 

10 washing and drying machines. Moreover, tensile strength loss of fabric appears to be an 
unavoidable result of mechanical and chemical action due to use, wearing, and/or 
washing and drying. Thus, a means to efficiently and effectively wash colored garments 
so that these appearance losses are minimized is needed. 

Cleaning compositions that comprise esterases, lipases and cutinases are well- 

15 known in the art. However, these enzymes have a very low ratio of perhydrolysis to 

hydrolysis. This results in the conversion of most of the ester substrate into acid, instead 
of the more desirable peracid. This is a serious drawback, since formula space and cost 
considerations render it feasible to include only a limited amount of substrate. 

In sum, despite improvements in the capabilities of cleaning compositions, there 

20 remains a need in the art for detergents that remove stains, maintain fabric color and 
appearance, and prevent dye transfer. In addition, there remains a need for detergent 
and/or fabric care compositions that provide and/or restore tensile strength, as well as 
provide anti-wrinkle, anti-bobbling, and/or anti-shrinkage properties to fabrics, as well as 
provide static control, fabric softness, maintain the desired color appearance, and fabric 

25 anti-wear properties and benefits. In particular, there remains a need for the inclusion of 
compositions that are capable of removing the colored components of stains, which often 
remain attached to the fabric being laundered. In addition, there remains a need for 
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improved methods and compositions suitable for textile bleaching. 

In addition to the fabric and garment cleaning area, bleaching is commonly used 
in the pulp and paper industry. Prior to production of paper, pulp is typically treated to 
remove undesirable colored contaminants. This provides pulp that is suitable for 
5 production of paper of higher quality than pulp that is not treated to remove colored 
contaminants and other undesirable components present in pulp. For example, in the 
paper recycling industry, removal of ink is necessary. Although standard methods are 
suitable for deinking paper with oil or water-based inks, the increased use of electrostatic 
inks has made deinking problematic, as these inks are much more difficult to remove. 

1 0 There are various methods available for deinking paper, including the use of enzymes 
(See e.g., U.S. Patent No. 5,370,770). However, there remains a need in the art for 
efficient, cost-effective methods for treatment of pulp for paper (recycled and new) 
product production. 

Bleaching is also commonly used in the personal care market (e.g., dental 

1 5 whiteners, hair bleachers, etc.). Although personal care bleaching products have 
improved over the years, there remains a need for mild, easy to use, cost-effective 
bleaching methods for this setting. 



20 SUMMARY OF THE INVENTION 

The present invention provides methods and compositions comprising at least one 
perhydrolase eixzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
peracids. The present invention finds particular use in applications involving cleaning, 
25 bleaching and disinfecting. 

In some embodiments, the present invention provides compositions comprising at 
least one perhydrolase, wherein the perhydrolase exhibits a perhydrolysis to hydrolysis 
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ratio that is greater than 1. 

The present invention also provides isolated perhydrolases, wherein the 
perhydrolases exhibit a perhydrolysis to hydrolysis ratio that is greater than 1 . In some 
preferred embodiments, the perhydrolase is M smegmatis perhydrolase. In alternative 
5 preferred embodiments, the perhydrolase is at least approximately about 35% 

homologous to M smegmatis perhydrolase. In further embodiments, the perhydrolase is 
at least approximately about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 95%, or 99% homologous to AT. smegmatis perhydrolase. In additional preferred 
embodiments, the perhydrolase comprises the amino acid sequence set forth in SEQ ID 

10 NO:2. In some preferred embodiments, the perhydrolases have immunological cross- 
reactivity with M smegmatis perhydrolase. In still further embodiments, the perhydrolase 
is at least a portion of M. smegmatis perhydrolase, wherein the perhydrolase has a 
perhydrolysis to hydrolysis ration that is greater than 1 . In alternative embodiments, the 
perhydrolase is a structural homologue of M. smegmatis perhydrolase, in which the active 

1 5 site is homologous to at least one amino acid selected from the group consisting of S 1 1 , 
D192, and H195 of the M. smegmatis perhydrolase. 

The present invention also provides isolated perhydrolase variants having amino 
acid sequences comprising at least one modification of an amino acid made at a position 
equivalent to a position in M. smegmatis perhydrolase comprising the amino acid 

20 sequence set forth in SEQ ID NO:2. In some embodiments, at least one modification is 
made at an amino acid position equivalent to a position in M smegmatis perhydrolase 
comprising the amino acid sequence set forth in SEQ ID NO:2, wherein the modified 
amino acid is selected from the group consisting of Cys7, Asp 10, Serl 1, Leul2, Thrl3, 
Trpl4, Trpl6, Pro24, Thr25, Leu53, Ser54, Ala55, Thr64, Asp65, Arg67, Cys77, Thr91, 

25 Asn94, Asp95, Tyr99, Vall25, Prol38, Leul40, Prol46, Prol48, Trpl49, PhelSO, Del53, 
Phel54, Thrl59, Thrl 86, Ilel92, Ilel94, and Phel96. In further embodiments, the 
modification comprises at least one substitution at an amino acid position equivalent to a 
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position in M smegmatis perhydrolase comprising the amino acid sequence set forth in 
SEQ ID NO:2, wherein at least one substitution is selected from the group consisting of 
Ml, K3, R4, 15, L6, C7, D10, Sll, L12, T13, W14, W16, G15, V17, P18, V19, D21, 
G22, A23, P24, T25, E26, R27, F28, A29, P30, D31, V32, R33, W34, T35, G36, L38, 
5 Q40, Q41, D45, L42, G43, A44, F46, E47, V48, 149, E50, E51, G52, L53, S54, A55, 
R56, T57, T58, N59, 160, D61, D62, P63, T64, D65, P66, R67, L68, N69, G70, A71, 
S72, Y73, S76, C77, L78, A79, T80, L82, P83, L84, D85, L86, V87, N94, D95, T96, 
K97, Y99F100, R101, R102, P104, LI 05, D106, 1107, A108, L109, G110, Ml 11, SI 12, 
VI 13, LI 14, VI 15, T116, Q117, VI 18, LI 19, T120, S121, A122, G124, V125, G126, 

10 T127, T128, Y129, P146, P148, W149, F150, 1153, F154, 1194, and F196. 

In some preferred embodiments, the variant perhydrolase exhibits a change in 
peracid hydrolysis compared to the wild-type perhydrolase. In some embodiments, the 
change in peracid hydrolysis is a decrease, while in other embodiments, the change in 
peracid hydrolysis is an increase. 

15 In some alternative preferred embodiments, the variant perhydrolase exhibits a 

ratio of peracid hydrolysis of about 0.1 or less, in comparison with wild-type 
perhydrolase. hi alternative preferred embodiments, the variant perhydrolase comprises 
at least one modification comprising at least one substitution at an amino acid position 
equivalent to a position in M smegmatis perhydrolase comprising the amino acid 

20 sequence set forth in SEQ ID NO:2, wherein at least one substitution is selected from the 
group consisting of R4, L12, G15, P18, R27, W34L38, A44, E51, G52, L53, S54, T58, 
R67, L68, S72, A79, T80, D85, L86, V87, N94, K97, R101, VI 18, LI 19, G124, G126, 
and 1194. 

In further alternative embodiments, the variant perhydrolase exhibits a ratio of 
25 peracid hydrolysis of about 0.2 or less, in comparison with wild-type perhydrolase. In yet 
additional embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
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M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of R4, 15, 
D10, L12, W14, G15, P18, V19, T25, R27, W34, L38, A44, 149, E50, E51, G52, L53, 
S54, A55, R56, T58, N59, D62, T64, D65, R67, L68, N69, S72, S76, C77, A79, T80, 
5 L82, P83, D85, L86, V87, N94, T96, K97, R101, L82, P83, L86, V87, N94, T96, K97, 
F100, R101, LI 09, Ml 1 1, LI 14, VI 18, LI 19, A122, G124, G126, T127, Y129, W149, 
and 1194. 

In additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 0.3 or less, in comparison with wild-type perhydrolase. In some 

10 embodiments, the variant perhydrolase comprises at least one modification comprising at 
least one substitution at an amino acid position equivalent to a position in M. smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of R4, 15, D10, L12, W14, 
G15, L12, P18, V19, G22, A23, T25, E26, R27, W34, G36, L38, Q41, L42, G43, A44, 

15 149, E50, E51, G52, L53, S54, A55, R56, T57, N59, T58, D62, T64, D65, R67, L68, 
N69, G70, S72, Y73, S76, C77, A79, T80, L82, P83, D85, L86, V87, N94, T96, K97, 
Y99, F100, R101, R102, P104, LI 09, G110, Mill, LI 14, VI 18, LI 19, A122, G124, 
V125, G126, T127, Y129, W149, F154, and 1194. 

In yet further embodiments, the variant perhydrolase exhibits a ratio of peracid 

20 hydrolysis of about 0.4 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of R4, 15, 

25 L6, D10, Sll, L12, W14, G15, W16, P18, V19, G22, A23, T25, E26, R27, F28, W34, 
T35, G36, L38, Q41, L42, G43, A44, D45, E47, 149, E50, E51, G52, L53, S54, A55, 
R56, T57, T58, N59, T58, 160, D62, T64, D65, R67, L68, N69, G70, S72, Y73, S76, 
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C77, A79, T80, L82, P83, D85, L86, V87, N94, P66, T96, K97, Y99, F100, R101, R102, 
P104, 1107, L109, G110, Mill, SI 12, LI 14, VI 18, LI 19, S121, A122, G124, V125, 
G126, T127, Y129, W149, F150, F154, 1194, and F196. 

In some embodiments, the variant perhydrolase exhibits a ratio of peracid 
5 hydrolysis of about 0.5 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID . 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 

10 A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, LI 09, LI 19, 
L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, PI 8, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 

15 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 

N94, T96, F100, R101, L109, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 

20 E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Mill, P104, P66, R102, R67, Sll, S112, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, Y99, G190, V191, G193, T197, N201, 
D203, L208, A209, V212, L215, and L216. 

In additional embodiments, the variant perhydrolase exhibits a ratio of pera rid 

25 hydrolysis of about 0.6 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
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M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, L109, LI 19, 
L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
5 T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, F100, R101, LI 09, Ml 11, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 

10 A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Mill, P104, P66, R102, R67, Sll, SI 12, S121, S54, S72, T25, 

15 T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, LI 05, LI 09, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 
P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
V113, V125, V19, W16, Y129, Y73, Y99, G190, V191, G193, T197, N201, D203, L208, 

20 A209,V212,L215,andL216. 

In yet additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 0.7 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 

25 M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, L109, L119, 
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L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, ESO, E51, L53, S54, 
5 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 

N94, T96, F100, R101, LI 09, Mill, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 

10 E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, SI 1, SI 12, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, LI 05, LI 09, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 

15 P66, R102, R27, Sll, SI 12, S54, S72, T116, T120, T127, T13, T25, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, L105, L109, L12, L38, L42, L53, 
L84, L86, M111.N59, P146, P24, P66, Q41, R102, R27, R56, S112, S121, S54, S72, 
Tl 16, T120, T127, T128, T13, T57, T64, V125, V17, V19, W14, W149, W16, Y129, 

20 Y73, Y99, G190, V191, G193, T197, N201, D203, L208, A209, V212, L215, and L216. 

In still norther embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 0.8 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 

25 M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, L109, LI 19, 
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L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
5 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, F100, R101, L109, Mill, LI 14, LI 19, W149, Yld29, A122, G126, T127, 
A23, A55, A79, D65, D85, E26, F154, G110, G124, G126, G22, G36, G43, G52, G70, 
149, K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 

10 E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, LI 09, 
LI 19, L53, L6, L68, L82, Mill, P104, P66, R102, R67, Sll, SI 12, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, LI 05, LI 09, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 

15 P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
V113, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, L105, L109, L12, L38, L42, L53, 
L84, L86, Mill, N59, P146, P24, P66, Q41, R102, R27, R56, SI 12, S121, S54, S72, 
T116, T120, T127, T128, T13, T57, T64, V125, V17, V19, W14, W149, W16, Y129, 

20 Y99, A108, A122, A23, A29, A44, A55, A71, A79, C77, D45, D61, D65, D85, D95, 
E47, E51, F150, F196, F46, G110, G126, G36, G43, G52, 1107, 1194, 149, 15, 160, 189, 
LI 14, L42, L53, L68, L78, L84, M111,N59, N94, P146, P24, P30, P63, P66, P83, Q117, 
R101, R4, SI 12, S121, S72, T116, T120, T127, T13, T57, T96, VI 13, V125, V17, V19, 
V32, V87, W149, Y129, Y73, G190, V191, G193, T197, N201, D203, L208, A209, 

25 V212, L215, and L216. 

In additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 1.5 or greater, in comparison with wild-type perhydrolase. In some 

10 
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preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
5 A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, LI 09, LI 19, 
L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, PI 8, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 

10 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 

N94, T96, F100, R101, LI 09, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, G110, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 

15 E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, LI 09, 
L119, L53, L6, L68, L82, Mill, P104, P66, R102, R67, Sll, S112, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, LI 05, LI 09, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 

20 P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, L105, L109, L12, L38, L42, L53, 
L84, L86, Mill, N59, P146, P24, P66, Q41, R102, R27, R56, SI 12, S121, S54, S72, 
T116, T120, T127, T128, T13, T57, T64, V125, V17, V19, W14, W149, W16, Y129, 

25 Y99, A108, A122, A23, A29, A44, A55, A71, A79, C77, D45, D61, D65, D85, D95, 
E47, E51, F150, F196, F46, Gl 10, G126, G36, G43, G52, 1107, 1194, 149, 15, 160, 189, 
LI 14, L42, L53, L68, L78, L84, Ml 1 1, N59, N94, P146, P24, P30, P63, P66, P83, Ql 17, 
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R101, R4, SI 12, S121, S72, Tl 16, T120, T127, T13, T57, T96, VI 13, V125, VI 7, V19, 
V32, V87, W149, Y129, and Y73, Y99, A108, A44, C7, D10, D106, D31, D61, D85, 
E26, E51, F100, F28, F46, Gl 10, G22, G36, G43, G52, G70, 1107, 1153, 149, 15, 189, K3, 
L105, L53, L6, L78, L86, Ml, N69, P104, P146, P18, P24, P30, P83, Ql 17, Q40, 041, 
5 R102, R27, R33, R4, S121, S72, S76, T120, T128, T13, T35, T80, T96, VI 15, VI 18, 

V32V48, V87, W34, G190, V191, G193, T197, E198, A199, R202, D203, G205, V206, 
A209, E210, Q211, S214, and L215. 

In additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis between about 1.2 and about 1.5, in comparison with wild-type perhydrolase. 

10 In some embodiments, the variant perhydrolase comprises at least one modification 

comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A23, 
A55, C7, D106, D31, D61, D85, E26, E50, E51, F100, F150, F28, F46, G110, G126, 

15 G22, G70, 1107, K3, L105, L42, L6, L78, Mill, N59, N69, P104, P146, P148, P18, P30, 
P63, Ql 17, Q40, Q41, R102, R27, R33, R4, S54, S76, Tl 16, T120, T128, T64, T80, T96, 
VI 13, VI 15, VI 18, W34, and Y73. 

In yet further embodiments, the present invention provides variant perhydrolases 
in which the variant perhydrolases exhibit a change in perhydrolysis, such that the ratio of 

20 variant perhydrolase perhydrolysis to wild-type perhydrolase perhydrolysis is at least 
about 1 .2. In some embodiments, the variant perhydrolase comprises at least one 
modification comprising at least one substitution at an amino acid position equivalent to a 
position in M. smegmatis perhydrolase comprising the amino acid sequence set forth in 
SEQ ID NO:2, wherein at least one substitution is selected from the group consisting of 

25 C7, D10, L12, G15, P18, V19, G22, T25, E26, R27, F28, A29, P30, D31, G36, Q40, 

Q41, L42, G43, A44, D45, F46, E47, 149, E51, L53, S54, A55, T57, D61, P63, T64, D65, 
P66, R67, L68, N69, A71, S72, Y73, S76, L78, A79, T80, L82, P83, D85, L86, D95, 
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K97, R101, T103, P104, LI 05, D106, 1107, LI 09, Mill, VI 13, Q117, VI 18, S121, 
G124, V125, G126, T127, P148, F150, 1153, F154, and F196. 

In further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
5 perhydrolase perhydrolysis is about 0.8 or less. In some embodiments, the variant 

perhydrolase comprising at least one modification comprises at least one substitution at 
an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A108, A122, A23, A29, A44, A55, A71, A79, C7, 

10 C77, D10, D106, D21, D45, D61, D62, D65, D85, E26, E47, E50, E51, F100, F150, 

F154, F196, F28, F46, G110, G124, G126, G15, G22, G36, G52, G70, 1107, 1153, 1194, 
149, 15, 160, 189, K3, K97, LI 05, L109, LI 14, LI 19, L12, L38, L42, L53, L6, L68, L78, 
L82, L84, K86, Ml, Ml 11, N59N94, P146, P18, P24, P30, P66, P83, Q40, Q41, R101, 
R102, R27, R33, R4, R56, R67, SI 1, SI 12, S54, S72, S76, T103, T116, T120, T127, 

15 T128, T13, T25, T35, T57, T64, T80, T96, VI 13, VI 15, VI 18, V125, V17, V19, V32, 
V48, V87, W13, W149, W16, W34, Y129, Y73, and Y99. 

In alternative embodiments, the present invention provides variant perhydrolases 
comprising at least one modification comprising at least one substitution at an amino acid 
position equivalent to a position in M. smegmatis perhydrolase comprising the amino 

20 acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is selected from 
the group consisting of A108, A122, A23, A29, A44, A55, A71, A79, C7, C77, D10, 
D106, D21, D31, D45, D61, D62, D65, D85, E26, E47, E50, E51, F100, F150, 
F154F196, F28, F46, G110, G124, G126, G15, G22, G36, G43, G52, G70, 1107, 1153, 
1194, 149, 15, 160, 189, K3, K97, L105, LI 09, LI 14, LI 19, L12, L38, L42, L53, L6, L68, 

25 L78, L82, L84, L86, Ml, Mill, N59, N69, N94, P104, P146, P148, PI 8, P24, P30, P63, 
P66, P83, Q117, Q40, Q41, R101, R102, R27, R33, R4, R56, R67, Sll, S112, S121, S54, 
S72, S76, T103, Tl 16, T120, T127, T128, T13, T25, T35, T57, T58, T64, T80, T96, 
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VI 13, VI 15, VI 18, V125, V17, V19, V32, V48, V87, W14, W149, W16, W34, Y129, 
Y73,andY99. 

In yet additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
5 perhydrolase perhydrolysis is between about 1 .2 and about 2. In some embodiments, the 
variant perhydrolase comprises at least one modification comprising at least one 
substitution at an amino acid position equivalent to a position in M. smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of C7, D10, L12, G15, P18, 

10 V19, G22, T25, E26, R27, F28, A29, P30, D31, G36, Q40, Q41, L42, G43, A44, D45, 

F46, E47, 149, E51, L53, S54, A55, T57, D61, P63, T64, D65, P66, R67, L68, N69, A71, 
S72, Y73, S76, L78, A79, T80, L82, P83, D85, L86, D95, K97, R101, T103, P104, LI 05, 
D106, 1107, L109, Mill, V113, Q117, V118, S121, G124, V125, G126, T127, P148, 
F150, 1153, F154, F196, G190, E198, A199, R202, D203, V206, A209, E210, Q211, and 

15 V212. 

In still further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wifct-type 
perhydrolase perhydrolysis is between about 2 and about 2.5. In some embodiments, the 
variant perhydrolase comprises at least one modification comprising at least one 

20 substitution at an amino acid position equivalent to a position in M smegmatis 

perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of A44, C7, D10, D85, D95, 
E26, E47, 1107, L12, L42, P104, P148, S54, Q40, Ql 17, D203, V206, E210. 
In still further embodiments, the variant perhydrolase exhibits a change in perhydrolysis, 

25 such that the ratio of variant perhydrolase perhydrolysis to wild-type perhydrolase 
perhydrolysis is between about 2.5 and about 3. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
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an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A44, C7, 1107, K97, L12, L78, P104, Q40, and 
V125. 

hi further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is between about 3.0 and about 5. In some embodiments, the 
variant perhydrolase comprises at least one modification comprising at least one 
substitution at an amino acid position equivalent to a position in M. smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of D10, D85, L53, L78, and 
S54. 

In still further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.1 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, and W34. 
In further embodiments, the variant perhydrolase exhibits a change in perhydrolysis, such 
that the ratio of variant perhydrolase perhydrolysis to wild-type perhydrolase 
perhydrolysis is about 0.2 or less. In some embodiments, the variant perhydrolase 
comprises at least one modification comprising at least one substitution at an amino acid 
position equivalent to a position in M. smegmatis perhydrolase comprising the amino 
acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is selected from 
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the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, G70, 1107, 
1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, T13, T25, 
T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, D62, F150, 
F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, N59, N94, 
5 P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, VI 18, V48, 
W149, W16, W34, Y129, and Y73. 

In additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.3 or less. In some embodiments, the variant 

10 perhydrolase comprises at least one modification comprising at least one substitution at 

an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, G110, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, Sll, S54, T120, 

15 T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 1 1, 

20 N94, P146, Q41, R102, R27, R4, R56, SI 1, S54, T120, T13, T25, T35, T80, V48, W14, 
W149, W16, W34, and Y129. 

In yet additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.4 or less. In some embodiments, the variant 

25 perhydrolase comprises at least one modification comprising at least one substitution at 

an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
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selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SU, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
5 N59, N94, P146, P18, R102, R33, R4, R56, S112, S54, T127, T13, T35, T64, T80, T96, 
VI 1 8, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
G110, G22, G70, 1153, 1194, 160, 189, K97, L114, L119, L12, L38, L6, L68, L82, Mill, 
N94, P146, Q41, R102, R27, R4, R56, SI 1, S54, T120, T13, T25, T35, T80, V48, W14, 
W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, Gl 10, G126, G22, 1194, 

10 189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, VI 18, V125, V19, and V87. 

In additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.5 or less. In some embodiments, die variant 

15 perhydrolase comprises at least one modification comprising at least one substitution at 

an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, Sll, S54, T120, 

20 T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 1 1, 

25 N94, P146, Q41, R102, R27, R4, R56, Sll, S54, T120, T13, T25, T35, T80, V48, W14, 
W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, Gl 10, G126, G22, 1194, 
189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
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T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, G110, G126, G15, G36, 1107, 149, 15, K97, L109 ,L119, L12 L38, L6, 
L68, L84, L86, Ml 1 1, N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, SI 12, 
S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, and Y129. 
5 In further embodiments, die variant perhydrolase exhibits a change in 

perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.6 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising t least one substitution at an 
amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 

10 the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 

selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, G110, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, Sll, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, G110, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 

15 N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 1 1, 
N94, P146, Q41, R102, R27, R4, R56, Sll, S54, T120, T13, T25, T35, T80, V48, W14, 
W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, G110, G126, G22, 1194, 

20 189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, G110, G126, G15, G36, 1107, 149, 15, K97, L109 ,L119, L12 L38, L6, 
L68, L84, L86, Mil 1, N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, S112, 
S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, Y129, A108, A44, A55, 

25 D21, D62, F150, gl26, G36, G52, 1107, 15, 189, LI 09, Ll 14, LI 19, L12, L42, L53, L6, 
L68, L78, L84, P146, P24, P66, P83, R27, SI 12, S72, S76, T120, T127, T13, T35, T57, 
T58, T80, T96, VI 15,V1 18, V32, V48, V87, W149, and Y73. 
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In yet further embodiments, the variant perhydrolase exhibits a change in 
peihydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.7 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
5 an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, G110, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, Sll, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 

10 D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, S112, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150,. 
G110, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Mill, 
N94, P146, Q41, R102, R27, R4, R56, SI 1, S54, T120, T13, T25, T35, T80, V48, W14, 

15 W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, G110, G126, G22, 1194, 
189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, V118, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, G110, G126, G15, G36, 1107, 149, 15, K97, L109 ,L119, L12 L38, L6, 
L68, L84, L86, Ml 1 1, N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, SI 12, 

20 S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, Y129, A108, A44, A55, 
D21, D62, F150, gl26, G36, G52, 1107, 15, 189, LI 09, LI 14, LI 19, L12, L42, L53, L6, 
L68, L78, L84, P146, P24, P66, P83, R27, SI 12, S72, S76, T120, T127, T13, T35, T57, 
T58, T80, T96, VI 15,V1 1 8, V32, V48, V87, W149,Y73, A122, A23, A29, A71, A79, 
C7, D61, D62, D85, E26, E51, F100, F28, F46, Gl 10, G126, G52, G70, 1107, 149, 15, 

25 160, 189, L109, LI 14, L12, L38, L68, L82, L86, Ml 1 1, N59, N94, P83, R102, R33, R4, 
SI 12, S72, S76, T103, Tl 16, T128, T25, T35, T57, T58, T64, V19, V32, V48, V87, 
Y129, Y73, and Y99. 
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In additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.8 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
5 an amino acid position equivalent to a position in M. srnegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, G110, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, Sll, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 

10 D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI19, L12, L38, L6, L68, L82, Mill, 
N94, P146, Q41, R102, R27, R4, R56, Sll, S54, T120, T13, T25, T35, T80, V48, W14, 

15 W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, G110, G126, G22, 1194, 
189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, Gl 10, G126, G15, G36, 1107, 149, 15, K97, L109 ,L1 19, L12 L38, L6, 
L68, L84, L86, M111,N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, SI 12, 

20 S72, S76, T127, T25, T35, T80, T96, VI 1 5, V32, V87, W34, Y129, A108, A44, A55, 
D21, D62, F150, gl26, G36, G52, 1107, 15, 189, LI 09, LI 14, LI 19, L12, L42, L53, L6, 
L68, L78, L84, P146, P24, P66, P83, R27, SI 12, S72, S76, T120, T127, T13, T35, T57, 
T58, T80, T96, V115,V118, V32, V48, V87, W149.Y73, A122, A23, A29, A71, A79, 
C7, D61, D62, D85, E26, E51, F100, F28, F46, G110, G126, G52, G70, 1107, 149, 15, 

25 160, 189, L109, LI 14, L12, L38, L68, L82, L86, Ml 1 1, N59, N94, P83, R102, R33, R4, 
SI 12, S72, S76, T103, Tl 16, T128, T25, T35, T57, T58, T64, V19, V32, V48, V87, 
Y129, Y73, Y99, A108, A122, A29, A55, C77, D10, D106, D45, D61, D62, D65, D85, 
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E47, E50, F100, F150, F28, F46, GllO, G124, G126, G15, G36, 1153, 1194, 15, 160, 189, 
K3, K97, L105, L109, L114, L119, L38, L42, L68, L84, L86, Ml, N59, P24, P30, P83, 
R101, R27, R4, R56, SI 12, S54, S76, T103, T116, T120, T127, T128, T13, T35, T64, 
VI 13, V17, V19, V32, V48, V87, Y129, Y73, and Y99. 
5 The present invention also provides perhydrolase variants, wherein the 

perhydrolase variants exhibit greater perhydrolysis activity and decreased peracid 
hydrolysis activity as compared to wild-type perhydrolase. In some embodiments, the 
variant perhydrolases exhibit perhydrolysis activity ratio of at least about 1.2, and peracid 
hydrolysis activity ratio of about 0.8 or less, as compared to wild-type perhydrolase. In 

10 alternative embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A29, 
A44, A55, A71, A79, C7, D10, D106, D31, D85, E26, E47, F150, F154, F196, F28, 

15 G124, G126, G36, G43, 1153, LI 09, L42, L53, LI 09, L42, L53, LI 09, L42, L53, L68, 
L82, L86, Ml 11, N69, P104, P148, P18, P63, P66, P83, Ql 17, Q40, R101, R67, S54, 
S121, S72, S76, T25, T64, VI 15, and V19. 

In additional embodiments, the perhydrolase exhibits perhydrolysis activity ratio 
of at least about 1 .2, a peracid hydrolysis activity ratio of about 0.8 or less, and a protein 

20 concentration ratio of at least 0.5, as compared to wild-type perhydrolase. In some 

embodiments, the variant perhydrolase comprises at least one modification comprising at 
least one substitution at an amino acid position equivalent to a position in M smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of A29, A44, A71, A79, C7, 

25 D85, E26, E47, E51, F150, F154, F196, F28, G124, G126, G36, 1153, L109, L12, L53, 
L68, L82, Mill, N69, P104, P148, P18, P63, P66, P83, Q117, Q40, R101, R67, S121, 
S54, S72, S76, T25, T64, V125, and V19. 
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The present invention provides variant perhydrolases that exhibit an increase in 
expression of the perhydrolase variants, as compared to the expression of wild-type 
perhydrolase. In some embodiments, the variant perhydrolase comprises at least one 
modification comprising at least one substitution at an amino acid position equivalent to a 
5 position in M. smegmatis perhydrolase comprising the amino acid sequence set forth in 
SEQ ID NO:2, wherein at least one substitution is selected from the group consisting of 
A2, 15, C7, F8, Sll, L12, T13, W14, W16, V17, P18, V19, E20, G22, A23, P24, T25, 
A29, P30, V32, T35, G36, V37, A39, F46, E47, S54, A55, R56, T58, 160, D61, D62, 
P63, T64, P66, R67, L68, N69, G70, S72, Y73, L74, P75, S76, C77, L78, A79, T80, L82, 

10 P83, L84, L86, 189, T93, T96, K97, A98, Y99, F100, R101, R102, T103, P104, L105, 
D106, 1107, A108, LI 09, G110, SI 12, VI 13, LI 14, VI 15, T116, Q117, VI 18, LI 19, 
T120, S121, A122, G124, V125, G126, T127, T128, Y129, P130, P132, K133, L135, 
V136, S138, P141, L142, A143, M145, H147, W149, F150, Q151, 1153, G157, Q159, 
T161, T162, L164, A165, R166, V167, Y168, A170, L171, A172, M175, K176, P178, 

15 A182, G183, S184, V185, 1186, T188, 1194, F196, V191, N201, L208, A209, Q211, 
Q213, S214, L215, and L216. 

The present invention also provides isolated proteins comprising homologs of M. 
smegmatis perhydrolase, wherein the homologs are proteins within the SGNH-hydrolase 
family of proteins. In alternative preferred embodiments, the isolated proteins have at 

20 least about 35% identity with the amino acid sequence of M smegmatis perhydrolase, in 
which the protein comprises at least three residues selected from the group consisting of 
L6, W14, W34, L38, R56, D62, L74, L78, H81, P83, M90, K97, Gl 10, LI 14, L135, 
F180, G205, SI 1, D192, and H195. In further embodiments, the perhydrolase is at least 
approximately about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 

25 95%, or 99% homologous to M. smegmatis perhydrolase. In additional preferred 

embodiments, the perhydrolase comprises the amino acid sequence set forth in SEQ ID 
NO:2. 
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The present invention also provides isolated proteins having at least about 38% 
identity with the amino acid sequence of M. smegmatis perhydrolase, wherein the protein 
exhibits perhydrolysis activity. In further embodiments, the perhydrolase is at least 
approximately about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
5 95%, or 99% homologous to M. smegmatis perhydrolase. In additional preferred 

embodiments, the perhydrolase comprises the amino acid sequence set forth in SEQ ID 
NO:2. 

The present invention also provides homologs of M smegmatis perhydrolase, 
wherein the homologs are perhydrolases comprising at least one motif selected from the 

1 0 group consisting of GDSL-GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and 

SDSL-GRTT. In preferred embodiments, the homologs exhibit perhydrolysis. In some 
particularly preferred embodiments, the homologs exhibit a perhydrolysis to hydrolysis 
ratio that is great than about 1 . In still further embodiments, the homologs are 
immunologically cross-reactive with antibodies raised against M smegmatis 

15 perhydrolase. In yet additional embodiments, antibodies raised against the homolog 
cross-react with M. smegmatis perhydrolase. 

The present invention also provides isolated proteins having at least- about 35% 
identity with the amino acid sequence of at least one M. smegmatis perhydrolase 
homolog, wherein the proteins exhibit perhydrolysis activity. 

20 In some particularly preferred embodiments, the present invention provides 

proteins having perhydrolase activity, wherein the proteins are in the form of a multimer 
in solution. In some more preferred embodiments, the protein is a perhydrolase that 
comprises a dimer. In alternative particularly preferred embodiments, the protein is a 
perhydrolase that comprises an octamer. In still further embodiments, the protein is in the 

25 form of a multimer in solution and the protein is selected from the group consisting of M 
smegmatis perhydrolase, M. smegmatis perhydrolase homologs, and M smegmatis 
perhydrolase variants. In yet further embodiments, the protein is selected from the group 
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consisting of modified serine hydrolases and modified cysteine hydrolases, wherein the 
modified serine hydrolases or modified cysteine hydrolases comprise increased 
perhydrolase activity as compared to unmodified serine hydrolases or unmodified 
cysteine hydrolases 

5 The present invention also provides proteins having perhydrolase activity, wherein 

the protein comprises at least one motif selected from the group consisting of GDSL- 
GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRTT. In some 
embodiments, the protein is obtained from a member of the Rhizobiales. In some 
preferred embodiments, the protein is obtained from a member of the genus 
10 Mycobacterium. 

The present invention also provides isolated genes identified using at least one 
primer selected from the group consisting of SEQ ID NOS:21-69. 

The present invention also provides methods for identifying a perhydrolase, 
comprising the steps of: identifying source of the perhydrolase; analyzing the source to 
1 5 identify sequences comprising at least one motif selected from the group consisting of 
GDSL-GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRTT; 
expressing the sequences identified in step b) to produce the perhydrolase; and 
testing the perhydrolase for perhydrolysis activity. 

hi some embodiments, the analyzing step is an amplification step wherein the primer 
20 sequences set forth in SEQ ID NOS:21-69 are used to amplifying the sequences 

comprising at least one motif selected from the group consisting of GDSL-GRTT, GDSL- 
ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRTT. In still further embodiments, 
the source is selected from the group consisting of environmental sources and 
metagenomic sources. The present invention also provides proteins identified using the 
25 methods set forth herein. The present invention further provides isolated nucleic acid 
sequences encoding the proteins identified using the methods set forth herein. In some 
particularly preferred embodiments, the proteins exhibit a perhydrolysis to hydrolysis 
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ratio that is greater than about 1 . In still further embodiments, the proteins exhibit a 
perhydrolysis activity that is at least about 0.2, compared to the perhydrolysis activity 
exhibited by M. smegmatis perhydrolase. In yet additional embodiments, the proteins 
comprise at least three residues selected from the group consisting of L6, W14, W34, 
L38, R56, D62, L74, L78, H81, P83, M90, K97, G110, LI 14, L135, F180, G205, Sll, 
D192, and H195. 

In further embodiments, the analyzing step comprises searching at least one amino 
acid database. In yet further embodiments, the analyzing step comprises searching at 
least one nucleic acid database to identify nucleic acid sequences encoding the amino acid 
sequences of the perhydrolase. In still further embodiments, the source is selected from 
the group consisting of environmental sources and metagenomic sources. The present 
invention further provides isolated nucleic acid sequences encoding the proteins 
identified using the methods set forth herein. In some particularly preferred 
embodiments, the proteins exhibit a perhydrolysis to hydrolysis ratio that is greater than 
about 1. In still further embodiments, the proteins exhibit a perhydrolysis activity that is 
at least about 0.2, compared to the perhydrolysis activity exhibited by M smegmatis 
perhydrolase. In yet additional embodiments, the proteins comprise at least three 
residues selected from the group consisting of L6, W14, W34, L38, R56, D62, L74, L78, 
H81, P83, M90, K97, G110, L114, L135, F180, G205, Sll, D192, and H195^ as set forth 
in SEQIDNO:2. 

The present invention also provides variant perhydrolases having altered substrate 
specificities as compared to wild-type M. smegmatis perhydrolase. In some 
embodiments, the variant perhydrolases have altered para nitrophenyl caproate (PNC) 
activity, as compared to wild-type M smegmatis perhydrolase. 

The present invention also provides variant perhydrolases having altered pi values 
as compared to wild-type M. smegmatis perhydrolase. In some embodiments, the variant 
perhydrolases comprise at least one positively charged mutation, while in alternative 
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embodiments, the variant perhydrolases comprise at least one negatively charged 
mutation. 

The present invention also provides variant perhydrolases that have increased 
stability, as compared to wild-type M. smegmatis perhydrolase. hi some preferred 
5 embodiments, the stability of the variant perhydrolase is selected from the group 
consisting of thermostability, enzymatic stability, and chemical stability. 

The present invention also provides variant perhydrolases, wherein the variant 
perhydrolase exhibits at least one altered surface property. In some preferred 
embodiments, the variants comprise at least one mutation comprising at least one 
10 substitution at sites selected from the group consisting of the residues set forth in Table 
15-1. 

The present invention also provides perhydrolase variants having at least one 
improved property as compared to wild-type perhydrolase. 

The present invention also provides expression vectors comprising a 

1 5 polynucleotide sequence encoding at least one perhydrolase variant. The present 

invention further provides host cells comprising at least one such expression vector. In 
some preferred embodiments, a host cell is selected from the group consisting of Bacillus 
sp., Streptomyces sp., Escherichia, and Pantoea sp. The present invention also provides 
perhydrolases produced by the host cells. 

20 The present invention also provides compositions comprising at least a portion of 

at least one perhydrolase. In some preferred embodiments, the perhydrolase comprises 
the amino acid sequence set forth in SEQ ID NO:2. In further embodiments, the 
perhydrolase is encoded by a polynucleotide sequence comprises SEQ ID NO:l . In 
additional embodiments, the sequence comprises at least a portion of SEQ ID NO: 1 . In 

25 further embodiments, the present invention provides expression vectors comprising the 
polynucleotide sequence encoding at least a portion of at least one perhydrolase. The 
present invention also provides host comprising at least one expression vectors. In some 
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embodiments, the host cells are selected from the group consisting of Bacillus sp., 
Streptomyces sp., Escherichia, and Pantoea sp. The present invention also provides 
perhydrolases produced by these host cells. 

The present invention also provides variant perhydrolases, wherein the 
5 perhydrolases comprise at least one substitution corresponding to the amino acid 

positions in SEQ ID NO:2, and wherein the variant perhydrolase has better performance 
in at least one property, compared to wild-type M. smegmatis perhydrolase. 

The present invention further provides isolated polynucleotides comprising a 
nucleotide sequence (i) having at least about 70% identity to SEQ ID NO:l, or (ii) being 

1 0 capable of hybridizing to a probe derived from the nucleotide sequence set forth in SEQ 
ID NO:l, under conditions of intermediate to high stringency, or (iii) being 
complementary to the nucleotide sequence set forth in SEQ ID NO: 1 . In some 
embodiments, the present invention also provides vectors comprising these 
polynucleotide sequences. In additional embodiments, the present invention also 

1 5 provides host comprising at least one expression vectors. In some embodiments, the host 
cells are selected from the group consisting of Bacillus sp., Streptomyces sp., 
Escherichia, and Pantoea sp. The present invention also provides perhydrolases 
produced by these host cells. 

The present invention also provides polynucleotides comprising a sequence 

20 complementary to at least a portion of the sequence set forth in SEQ ID NO: 1 . 

The present invention also provides methods of producing enzymes having 
perhydrolase activity, comprising: transforming a host cell with an expression vector 
comprising a polynucleotide having at least 70% sequence identity to SEQ ID NO:l; 
cultivating the transformed host cell under conditions suitable for the host cell to produce 

25 the perhydrolase; and recovering the perhydrolase. In some preferred embodiments, the 

host cell is selected from the group consisting of Streptomyces, Pantoea, Escherichia, and 
Bacillus species. 
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The present invention also provides probes comprising a 4 to 150 polynucleotide 
sequence substantially identical to a corresponding fragment of SEQ ID NO:l, wherein 
the probe is used to detect a nucleic acid sequence coding for an enzyme having 
perhydrolase activity. 

5 The present invention also provides cleaning compositions comprising: a) at least 

0.0001 weight percent of a perhydrolase that exhibits a perhydrolysis to hydrolysis ratio 
that is greater than 1; b) a molecule comprising an ester moiety; and c) optionally, an 
adjunct ingredient. 

The present invention further provides cleaning compositions comprising: a) at 

10 least 0.0001 weight percent of a perhydrolase that exhibits a perhydrolysis to hydrolysis 
ratio that is greater than 1; b) a material selected from the group consisting of a 
peroxygen source, hydrogen peroxide and mixtures thereof, the peroxygen source being 
selected from the group consisting of: a per-salt; an organic peroxyacid; urea hydrogen 
peroxide; a carbohydrate and carbohydrate oxidase mixture, and mixtures thereof; c) 

15 from about 0.01 to about 50 weight percent of a molecule comprising an ester moiety; 
and d) optionally, an adjunct ingredient. 

The present invention also provides cleaning compositions comprising: a) 
from about 0.0001 to about 1 weight percent of a variant perhydrolase having an amino 
acid sequence comprising at least one modification of an amino acid made at a position 

20 equivalent to a position in Msmegmatis perhydrolase comprising the amino acid 

sequence set forth in SEQ ID NO:2; b) a material selected from the group consisting of a 
peroxygen source, hydrogen peroxide and mixtures thereof, the peroxygen source being 
selected from the group consisting of: a per-salt; an organic peroxyacid; urea hydrogen 
peroxide; a carbohydrate and carbohydrate oxidase mixture; and mixtures thereof; c) 

25 from about 0.01 to about 50 weight percent of a molecule comprising an ester moiety; 
and d) optionally, an adjunct ingredient. In some preferred embodiments, the cleaning 
compositions further comprise at least one adjunct ingredient. In some particularly 
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preferred embodiments, the adjunct ingredient is selected from the group consisting of 
surfactants, builders, chelating agents, dye transfer inhibiting agents, deposition aids, 
dispersants, enzymes, and enzyme stabilizers, catalytic materials, bleach activators, 
bleach boosters, preformed peracids, polymeric dispersing agents, clay soil removal/anti- 
5 redeposition agents, brighteners, suds suppressors, dyes, perfumes, structure elasticizing 
agents, fabric softeners, carriers, hydrotropes, processing aids, pigments and mixtures 
thereof. 

In additional embodiments, the present invention provides cleaning compositions 
wherein: the perhydrolase exhibits a perhydrolysis to hydrolysis molar ratio that is greater 

10 than about 0. 1 ; the per-salt is selected from the group consisting of alkalimetal perborate, 
alkalimetal percarbonate, alkalimetal perphosphates, alkalimetal persulphates and 
mixtures thereof; the carbohydrate is selected from the group consisting of mono- 
carbohydrates, di- carbohydrates, tri- carbohydrates, oligo- carbohydrates and mixtures 
thereof; the carbohydrate oxidase is selected from the group consisting of aldose oxidase 

15 (IUPAC classification EC1. 1.3.9), galactose oxidase (IUPAC classification EC1. 1.3.9), 
cellobiose oxidase (IUPAC classification EC1. 1.3.25), pyranose oxidase (IUPAC 
classification EC1.1.3.10), sorbose oxidase (IUPAC classification EC1. 1.3.1 1) hexose 
oxidase (IUPAC classification EC 1.1. 3. 5). glucose oxidase (IUPAC classification 
EC1. 1.3.4) and mixtures thereof; and the molecule comprising an ester moiety has the 

20 formula: 

R'Ox [(R 2 )m(R 3 )n] P 

(i) wherein R 1 is a moiety selected from the group consisting of H, substituted or 
unsubstituted alkyl, heteroalkyl, alkenyl, alkynyl, aryl, alkylaryl, alkylheteroaryl, and 

25 heteroaryl; 

(ii) eachR 2 is an alkoxylate moiety, 

(iii) R 3 is an ester-forming moiety having the formula: 
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R 4 CO- wherein R 4 is H, alkyl, alkenyl, alkynyl, aryl, alkylaryl, alkylheteroaryl, 
and heteroaryl; 

(iv) x is 1 when R 1 is H; when R 1 is not H, x is an integer that is equal to or 
less than the number of carbons in R 1 ; 
5 (v) p is an integer that is equal to or less than x; 

(vi) m is an integer from 0 to 50; and 

(vii) n is at least 1 

In alternative embodiments, the present invention provides cleaning compositions 
10 wherein: a) R l is an C2-C32 substituted or unsubstituted alkyl or heteroalkyl moiety; b) 
each R 2 is independently an ethoxylate or propoxylate moiety; and c) m is an integer from 
1 to 12. In some embodiments, R 3 is an ester-forming moiety having the formula: R 4 CO- 
wherein R 4 is: a) a substituted or unsubstituted alkyl, alkenyl or alkynyl moiety 
comprising from 1 to 22 carbon atoms; or b) a substituted or unsubstituted aryl, alkylaryl, 
1 5 alkylheteroaryl or heteroaryl moiety comprising from 4 to 22 carbon atoms. 

In still further embodiments of the cleaning compositions, the molecule 
comprising the ester moiety has the formula: 

R'OxKR^mCR 3 )^ 

20 wherein: a) R 1 is H or a moiety that comprises a primary, secondary, tertiary or 

quaternary amine moiety, the R 1 moiety that comprises an amine moiety being selected 
from the group consisting of substituted or unsubstituted alkyl, heteroalkyl, alkenyl, 
alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaryl; b) each R 2 is an alkoxylate 

<y A A, 

moiety, c) R is an ester-forming moiety having the formula: R CO- wherein R may be 
25 H, substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, alkylaryl, alkylheteroaryl, and 
heteroaryl; d) x is 1 when R l is H; when R 1 is not H, x is an integer that is equal to or less 
than the number of carbons in R 1 ; e) p is an integer that is equal to or less than x; f) m is 
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an integer from 0 to 12; and g) n is at least 1. 

In still further embodiments of the present cleaning compositions, the molecule 
comprising an ester moiety has a weight average molecular weight of less than 600,000 
Daltons. In yet additional embodiments, an adjunct ingredient is selected .from the group 
consisting of surfactants, builders, chelating agents, dye transfer inhibiting agents, 
deposition aids, dispersants, enzymes, and enzyme stabilizers, catalytic materials, bleach 
activators, bleach boosters, preformed peracids, polymeric dispersing agents, clay soil 
removal/anti-redeposition agents, brighteners, suds suppressors, dyes, perfumes, structure 
elasticizing agents, fabric softeners, carriers, hydrotropes, processing aids, pigments and 
mixtures thereof. 

The present invention further provides methods of cleaning comprising the steps 
of: a) contacting a surface and/or an article comprising a fabric with any of the cleaning 
compositions provided above and/or a composition comprising any of the cleaning 
compositions provided above; and b) optionally washing and/or rinsing the surface or 
material. 

In alternative embodiments, the present invention provides methods of cleaning, 
the method comprising the steps of: a) contacting a surface and/or an article comprising a 
fabric with any suitable cleaning composition provided above and/or a composition 
comprising any suitable cleaning provided above; and b) optionally washing and/or 
rinsing the surface or material. 

The present invention also provides bleaching compositions comprising at least 
one perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits 
a perhydrolysis to hydrolysis ratio that is greater than 1 . In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 
derivatives selected from the group consisting of proteases, amylases, lipases, 
mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 
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The present invention also provides bleaching compositions comprising at least 
one perhydrolase variant having an amino acid sequence comprising at least one 
modification of an amino acid made at a position equivalent to a position in M. 
smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2. . 
5 In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1 . In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 
oxidoreductases, hemicellulases, and cellulases. 

10 The present invention also provides bleaching compositions comprising at least 

one perhydrolase variant having at least one improved property as compared to wild-type 
perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1 . In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 

15 derivatives selected from the group consisting of proteases, amylases, lipases,. 

mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides bleaching compositions comprising at least 
one perhydrolase variant comprising at least one substitution corresponding to the amino 
acid positions in SEQ ID NO:2, and wherein the variant perhydrolase has better 

20 performance in at least one property compared to wild-type M. smegmatis perhydrolase. . 
In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1 . In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 

25 oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides bleaching compositions comprising at least 
one perhydrolase that is at least approximately about 35% homologous to M smegmatis 
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perhydrolase. . In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1 . In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 
derivatives selected from the group consisting of proteases, amylases, lipases, 
5 mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides disinfecting compositions comprising at least 
one perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits 
a perhydrolysis to hydrolysis ratio that is greater than 1 . In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 

10 derivatives selected from the group consisting of proteases, amylases, lipases, 

mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides disinfecting compositions comprising at least 
one perhydrolase variant having an amino acid sequence comprising at least one 
modification of an amino acid made at a position equivalent to a position in M. 

1 5 smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2. . 
In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1. In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 

20 oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides disinfecting compositions comprising at least 
one perhydrolase variant having at least one improved property as compared to wild-type 
perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1 : In some embodiments, the 

25 bleaching compositions further comprise at least one additional enzymes or enzyme 
derivatives selected from the group consisting of proteases, amylases, lipases, 
mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 
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The present invention also provides disinfecting compositions comprising at least 
one perhydrolase variant comprising at least one substitution corresponding to the amino 
acid positions in SEQ ID NO:2, and wherein the variant perhydrolase has better 
performance in at least one property compared to wild-type M. smegmatis perhydrolase, . 
5 In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1 , In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 
oxidoreductases, hemicellulases, and cellulases. 

10 The present invention also provides disinfecting compositions comprising at least 

one perhydrolase that is at least approximately about 35% homologous to M. smegmatis 
perhydrolase. . In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1. In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 

15 derivatives selected from the group consisting of proteases, amylases, lipases, 

mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

In some preferred embodiments, the perhydrolase is at least approximately 70% 
homologous to M smegmatis perhydrolase comprising the amino acid sequence set forth 
in SEQ ID NO:2. In some embodiments, the present invention provides perhydrolases 

20 that cross react with antibody generated against M. smegmatis perhydrolase, particularly 
that comprising the amino acid sequence set forth in SEQ ID NO:2. In further 
embodiments, the present invention provides perhydrolases that are structural homologs 
of the M smegmatis perhydrolase, in which active site comprises sites homologous to 
SI 1, D192, and H195 of the M smegmatis perhydrolase. In yet additional embodiments, 

25 the present invention provides perhydrolases comprising one or more modifications at the 
following residues: Cys7, AsplO, Serl 1, Leul2, Thrl3, Trpl4, Trpl6, Pro24, Thr25, 
Leu53, Ser54, Ala55, Thr64, Asp65, Arg67, Cys77, Thr91, Asn94, Asp95, Tyr99, 
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Vall25, Prol38, Leul40, Prol46, Prol48, Trpl49, PhelSO, HelS3, Phel54, Thrl59, 
Thrl86, Del92, Ilel94, and Phel96. However, it is not intended that the present 
invention be limited to perhydrolases with these modifications only at these residues, as 
perhydrolases with other modifications also find use with the present invention. 
5 In some embodiments, at least one perhydrolase of the present invention is used in 

a cleaning process wherein an article to be cleaned is exposed to a sufficient amount of 
the at least one perhydrolase under conditions such that the perhydrolase cleans and/or 
bleaches, and/or decolorizes any/all stains present on the article {e.g., laundry and dish 
detergents). In some embodiments, the cleaning further comprises disinfecting. In some 

10 embodiments, the article cleaned, bleached and/or disinfected using at least one 

perhydrolase of the present invention comprises textiles and/or hard surfaces, while in 
other embodiments, the article is paper or pulp, and in still further embodiments, at least 
one perhydrolase is used as a personal care product to whiten or bleach hair, teeth, skin, 
etc. Thus, in some embodiments, the present invention provides compositions for use in 

15 various cleaning, bleaching, and/or disinfecting applications. Indeed, it is not intended 
that the present invention be limited to any particular application. 

la some preferred embodiments, the perhydrolase comprises SEQ ID NO:2. In 
some preferred alternative embodiments, the perhydrolase is encoded by the nucleic acid 
sequence set forth in SEQ ID NO: 1 . 

20 In some embodiments, the present invention provides enzymes with activities that 

result in high peracid/acid ratios. In alternative embodiments, the present invention 
provides the perhydrolase of Mycobacterium smegmatis, as well as sequence and/or 
structural homologs of this protein. In additional embodiments, the present invention 
provides enzymes that have been modified so as to express perhydrolase activity with a 

25 high perhydrolysis to hydrolase ratio either in addition to or instead of the enzyme's 
original activity. In additional embodiments, the present invention provides modified 
enzymes with altered substrate specificity, Km, kcat, perhydrolase activity, and/or peracid 
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degradation activity. 

In additional embodiments, the present invention provides means to identify, 
produce, and characterize enzymes that comprise the perhydrolysis activity of the present 
invention. The present invention further provides methods and compositions comprising 
5 at least one perhydrolase for cleaning, disinfecting, bleaching, and other applications, 

including but not limited to paper and pulp bleaching, fabric and garment cleaning, hard 
surface cleaning, and personal care applications (e.g., oral care, hair care, and skin care). 
In some preferred embodiments, the present invention provides methods and 
compositions for bleaching cotton and other fabrics. Indeed, the present invention finds 

10 use in the bleaching and cleaning of various textiles. It is not intended that the present 

invention be limited to any particular setting, application or use, as it is contemplated that 
it will find use in numerous areas where an enzymatic generation of peracids is desired 
over the use of preformed peracids or hydrogen peroxide or other bleaching chemicals, 
under conditions including but not limited to a wide range of pHs and temperatures. The 

15 present invention also finds use in applications where peracid hydrolysis is useful, such as 
in the clean up of peracids. 

Furthermore, the present invention provides means to produce perhydrolase 
enzymes suitable for cleaning, disinfecting, bleaching, and other applications, including 
personal care. 

20 

DESCRIPTION OF THE FIGURES 

Figure 1 provides a phylogenetic tree of M. smegmatis perhydrolase and other 
related sequences. 

Figure 2 provides an overview phylogenetic tree, showing the major branches of 
25 the bacteria and the origin of the active clones/sequences compared to M. smegmatis. 

Figure 3 provides a schematic of four structural families of serine hydrolases, 
including perhydrolase (SGNH-hydrolase family), chymotrypsin, subtilisin, and a/p 
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hydrolase. 

Figure 4 provides a diagram of the structure of the perhydrolase fold. 
Figure 5 provides a map of plasmid pET26-M4aEl 1 . 

Figure 6 provides a purification table showing the enzyme activity of the enzyme 
5 of the present invention through various steps in the purification process. 

Figure 7 provides a graph which shows the ratio of perbutyric acid to butyric acid 
generated by various enzymes from 10 raM tributyrin and 29 mM hydrogen peroxide in 
40 minutes. 

Figure 8 provides a graph showing the peracid production by 30 mM acetate 
10 equivalents and 29 mM hydrogen peroxide, tested at various pHs. These results show 
that using the perhydrolase composition of the present invention, there is peracid 
generation over a wide pH range. In contrast, with TAED and hydrogen peroxide, 
peracid generation is limited to alkaline conditions. 

Figure 9 provides a graph showing the peracid production by 0. 1 ppm 
15 perhydrolase enzyme in 30 mM ethyl acetate and 20 mM hydrogen peroxide at various 

temperatures. These results show that the perhydrolase of the present invention works at 
a wide range of temperatures, including low temperatures. 

Figure 10 provides a graph showing the ratio of perbutyric acid to butyric acid 
generated by various enzymes from 10 mM tributyrin and 29 mM hydrogen peroxide in 4, 
20 10, and 30 minutes. 

Figure 1 1 provides a graph showing the ratio of peracetic acid to acetic acid 
generated by various enzymes from 10 mM triacetin and 29 mM hydrogen peroxide in 4 
and 10 minutes. 

Figure 12 provides a map of plasmid pMSATNcoI. 
25 Figure 1 3 provides a map of plasmid pMS ATNco 1 - 1 . 

Figure 14 provides a map of plasmid pAH505. 
Figure 15 provides a map of plasmid pSFNASally. 
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Figure 1 6 provides a map of plasmid pCP606. 
Figure 17 provides a map of plasmid pCP649. 
Figure 18 provides a map of plasmid pSECGT-MSAT. 
Figure 19 provides a map of plasmid pSEGT-phdA4. 
Figure 20 provides a map of plasmid pMC355rbs. 

Figure 21 provides a graph showing the degree of bleaching by three detergents 
tested alone and in comparison with the M. smegmatis perhydrolase of the present 
invention. 

Figure 22 provides a graph showing the bleaching ability of the M smegmatis 
perhydrolase tested on cotton. 

Figure 23 provides a graph showing the bleaching ability of the M. smegmatis 
perhydrolase tested on linen. 



DESCRIPTION OF THE INVENTION 

The present invention provides methods and compositions comprising at least one 
perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
peracids. In particular, the present invention provides improved methods and 
compositions comprising perhydrolysis enzymes with high peracid/acid ratios for 
cleaning, bleaching, disinfecting and other applications. In some preferred embodiments, 
the present invention provides improved methods and compositions for generation of 
peracids. The present invention finds particular use in applications involving cleaning, 
bleaching and disinfecting. 

Unless otherwise indicated, the practice of the present invention involves 
conventional techniques commonly used in molecular biology, microbiology, protein 
purification, protein engineering, protein and DNA sequencing, and recombinant DNA 
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fields, which are within the skill of the art. Such techniques are known to those of skill in 
the art and are described in numerous texts and reference works (See e.g., Sambrook et 
aL, "Molecular Cloning: A Laboratory Manual", Second Edition (Cold Spring Harbor), 
[1989]); and Ausubel et aL, "Current Protocols in Molecular Biology" [1987]). All 
patents, patent applications, articles and publications mentioned herein, both supra and 
infra, are hereby expressly incorporated herein by reference. 

Furthermore, the headings provided herein are not limitations of the various 
aspects or embodiments of the invention which can be had by reference to the 
specification as a whole. Accordingly, the terms defined immediately below are more 
fully defined by reference to the specification as a whole. Nonetheless, in order to 
facilitate understanding of the invention, a number of terms are defined below. 

Definitions 

Unless defined otherwise herein, all technical and scientific terms used herein 
have the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention pertains. For example, Singleton and Sainsbury, Dictionary of 
Microbiology and Molecular Biology, 2d Ed., John Wiley and Sons, NY (1994); and Hale 
and Marham, The Harper Collins Dictionary of Biology, Harper Perennial, NY (1991) 
provide those of skill in the art with a general dictionaries of many of the terms used in 
the invention. Although any methods and materials similar or equivalent to those 
described herein find use in the practice of the present invention, the preferred methods 
and materials are described herein. Accordingly, the terms defined immediately below 
are more fully described by reference to the Specification as a whole. Also, as used 
herein, the singular terms "a", "an," and "the" include the plural reference unless the 
context clearly indicates otherwise. Unless otherwise indicated, nucleic acids are written 
left to right in 5' to 3 ? orientation; amino acid sequences are written left to right in amino 
to carboxy orientation, respectively. It is to be understood that this invention is not 
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limited to the particular methodology, protocols, and reagents described, as these may 
vary, depending upon the context they are used by those of skill in the art. 

It is intended that every maximum numerical limitation given throughout this 
specification includes every lower numerical limitation, as if such lower numerical 
5 limitations were expressly written herein. Every minimum numerical limitation given 
throughout this specification will include every higher numerical limitation, as if such 
higher numerical limitations were expressly written herein. Every numerical range given 
throughout this specification will include every narrower numerical range that falls within 
such broader numerical range, as if such narrower numerical ranges were all expressly 

10 written herein. 

As used herein, the term "bleaching refers to the treatment of a material (e.g., 
fabric, laundry, pulp, etc.) or surface for a sufficient length of time and under appropriate 
pH and temperature conditions to effect a brightening (i.e., whitening) and/or cleaning of 
the material. Examples of chemicals suitable for bleaching include but are not limited to 

15 C10 2 , H2O2, peracids, NO2, etc. 

As used herein, the term "disinfecting" refers to the removal of contaminants from 
the surfaces, as well as the inhibition or killing of microbes on the surfaces of items. It is 
not intended that the present invention be limited to any particular surface, item, or 
contaminants) or microbes to be removed. 

20 As used herein, the term "perhydrolase" refers to an enzyme that is capable of 

catalyzing a reaction that results in the formation of sufficiently high amounts of peracid 
suitable for applications such as cleaning, bleaching, and disinfecting. In particularly 
preferred embodiments, the perhydrolase enzymes of the present invention produce very 
high perhydrolysis to hydrolysis ratios. The high perhydrolysis to hydrolysis ratios of 

25 these distinct enzymes makes these enzymes suitable for use in a very wide variety of 
applications. In additional preferred embodiments, the perhydrolases of the present 
invention are characterized by having distinct tertiary structure and primary sequence. In 
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particularly preferred embodiments, the perhydrolases of the present invention comprises 
distinct primary and tertiary structures. In some particularly preferred embodiments, the 
perhydrolases of the present invention comprise distinct quaternary structure. In some 
preferred embodiments, the perhydrolase of the present invention is the M smegmatis 
5 perhydrolase, while in alternative embodiments, the perhydrolase is a variant of this 
perhydrolase, while in still further embodiments, the perhydrolase is a homolog of this 
perhydrolase. In further preferred embodiments, a monomelic hydrolase is engineered to 
produce a multimeric enzyme that has better perhydrolase activity than the monomer. 
However, it is not intended that the present invention be limited to this specific M 
10 smegmatis perhydrolase, specific variants of this perhydrolase, nor specific homologs of 
this perhydrolase. 

As used herein, the term "multimer" refers to two or more proteins or peptides 
that are covalently or non-covalently associated and exist as a complex in solution. A 
"dimer" is a multimer that contains two proteins or peptides; a "trimer" contains three 
1 5 proteins or peptides, etc. As used herein, "octamer" refers to a multimer of eight proteins 
or peptides. 

As used herein, the phrase 4< perhydrolysis to hydrolysis ratio" is the ratio of the 
amount of enzymatically produced peracid to that of enzymatically produced acid by the 
perhydrolase, under defined conditions and within a defined time. In some preferred 

20 embodiments, the assays provided herein are used to determine the amounts of peracid 
and acid produced by the enzyme. 

As used herein, "personal care products" means products used in the cleaning, 
bleaching and/or disinfecting of hair, skin, scalp, and teeth, including, but not limited to 
shampoos, body lotions, shower gels, topical moisturizers, toothpaste, and/or other 

25 topical cleansers. In some particularly preferred embodiments, these products are utilized 
on humans, while in other embodiments, these products find use with non-human animals 
(e.g., in veterinary applications). 
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As used herein, "pharmaceutically-acceptable" means that drugs, medicaments 
and/or inert ingredients which the term describes are suitable for use in contact with the 
tissues of humans and other animals without undue toxicity, incompatibility, instability, 
irritation, allergic response, and the like, commensurate with a reasonable benefit/risk 
5 ratio. 

As used herein, "cleaning compositions" and "cleaning formulations" refer to 
compositions that find use in the removal of undesired compounds from items to be 
cleaned, such as fabric, dishes, contact lenses, other solid substrates, hair (shampoos), 
skin (soaps and creams), teeth (mouthwashes, toothpastes) etc. The term encompasses 

10 any materials/compounds selected for the particular type of cleaning composition desired 
and the form of the product (e.g., liquid, gel, granule, or spray composition), as long as 
the composition is compatible with the perhydrolase and other enzyme(s) used in the 
composition. The specific selection of cleaning composition materials are readily made 
by considering the surface, item or fabric to be cleaned, and the desired form of the 

1 5 composition for the cleaning conditions during use. 

The terms further refer to any composition that is suited for cleaning, bleaching, 
disinfecting, and/or sterilizing any object and/or surface. It is intended that the terms 
include, but are not limited to detergent compositions (e.g., liquid and/or solid laundry 
detergents and fine fabric detergents; hard surface cleaning formulations, such as for 

20 glass, wood, ceramic and metal counter tops and windows; carpet cleaners; oven cleaners; 
fabric fresheners; fabric softeners; and textile and laundry pre-spotters, as well as dish 
detergents). 

Indeed, the term "cleaning composition" as used herein, includes unless otherwise 
indicated, granular or powder-form all-purpose or heavy-duty washing agents, especially 
25 cleaning detergents; liquid, gel or paste-form all-purpose washing agents, especially the 
so-called heavy-duty liquid (HDL) types; liquid fine-fabric detergents; hand dishwashing 
agents or light duty dishwashing agents, especially those of the high-foaming type; 
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machine dishwashing agents, including the various tablet, granular, liquid and rinse-aid 
types for household and institutional use; liquid cleaning and disinfecting agents, 
including antibacterial hand-wash types, cleaning bars, mouthwashes, denture cleaners, 
car or carpet shampoos, bathroom cleaners; hair shampoos and hair-rinses; shower gels 
5 and foam baths and metal cleaners; as well as cleaning auxiliaries such as bleach 
additives and "stain-stick" or pre-treat types. 

As used herein, the terms "detergent composition*' and "detergent formulation" 
are used in reference to mixtures which are intended for use in a wash medium for the 
cleaning of soiled objects. In some preferred embodiments, the term is used in reference 

10 to laundering fabrics and/or garments (e.g., "laundry detergents"). In alternative 

embodiments, the term refers to other detergents, such as those used to clean dishes, 
cutlery, etc. (e.g., "dishwashing detergents"). It is not intended that the present invention 
be limited to any particular detergent formulation or composition. Indeed, it is intended 
that in addition to perhydrolase, the term encompasses detergents that contain surfactants, 

15 transferase(s), hydrolytic enzymes, oxido reductases, builders, bleaching agents, bleach 
activators, bluing agents and fluorescent dyes, caking inhibitors, masking agents, enzyme 
activators, antioxidants, and solubilizers. 

As used herein, "enhanced performance" in a detergent is defined as increasing 
cleaning of bleach-sensitive stains (e.g., grass, tea, wine, blood, dingy, etc.), as 

20 determined by usual evaluation after a standard wash cycle. In particular embodiments, 
the perhydrolase of the present invention provides enhanced performance in the oxidation 
and removal of colored stains and soils. In further embodiments, the perhydrolase of the 
present invention provides enhanced performance in the removal and/or decolorization of 
stains. In yet additional embodiments, the perhydrolase of the present invention provides 

25 enhanced performance in the removal of lipid-based stains and soils. In still further 

embodiments, the perhydrolase of the present invention provides enhanced performance 
in removing soils and stains from dishes and other items. 
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As used herein the term "hard surface cleaning composition," refers to detergent 
compositions for cleaning hard surfaces such as floors, walls, tile, bath and kitchen 
fixtures, and the like. Such compositions are provided in any form, including but not 
limited to solids, liquids, emulsions, etc. 
5 As used herein, "dishwashing composition" refers to all forms for compositions 

for cleaning dishes, including but not limited to granular and liquid forms. 

As used herein, "fabric cleaning composition" refers to all forms of detergent 
compositions for cleaning fabrics, including but not limited to, granular, liquid and bar 
forms. 

10 As used herein, 'textile" refers to woven fabrics, as well as staple fibers and 

filaments suitable for conversion to or use as yarns, woven, knit, and non-woven fabrics. 
The term encompasses yarns made from natural, as well as synthetic (e.g., manufactured) 
fibers. 

As used herein, 'textile materials" is a general term for fibers, yam intermediates, 
15 yarn, fabrics, and products made from fabrics (e.g., garments and other articles). 

As used herein, "fabric" encompasses any textile material. Thus, it is intended 
that the term encompass garments, as well as fabrics, yams, fibers, non-woven materials, 
natural materials, synthetic materials, and any other textile material. 

As used herein, the term "compatible," means that the cleaning composition 
20 materials do not reduce the enzymatic activity of the perhydrolase to such an extent that 
the perhydrolase is not effective as desired during normal use situations. Specific 
cleaning composition materials are exemplified in detail hereinafter. 

As used herein, "effective amount of perhydrolase enzyme" refers to the quantity 
of perhydrolase enzyme necessary to achieve the enzymatic activity required in the 
25 specific application (e.g., personal care product, cleaning composition, etc.). Such 

effective amounts are readily ascertained by one of ordinary skill in the art and are based 
on many factors, such as the particular enzyme variant used, the cleaning application, the 



44 



20Q5/056782|,OMt»3 S PCT/US2004/040438 
GC821-2 ^) 



specific composition of the cleaning composition, and whether a liquid or dry (e.g., 
granular, bar) composition is required, and the like. 

As used herein, "non-fabric cleaning compositions" encompass hard surface 
cleaning compositions, dishwashing compositions, personal care cleaning compositions 
5 (e.g., oral cleaning compositions, denture cleaning compositions, personal cleansing 
compositions, etc.), and compositions suitable for use in the pulp and paper industry. 

As used herein, "oral cleaning compositions" refers to dentifrices, toothpastes, 
toothgels, toothpowders, mouthwashes, mouth sprays, mouth gels, chewing gums, 
lozenges, sachets, tablets, biogels, prophylaxis pastes, dental treatment solutions, and the 

10 like. Oral care compositions that find use in conjunction with the perhydrolases of the 
present invention are well known in the art (See e.g., U.S. Patent Nos 5,601,750, 
6,379,653, and 5,989,526, all of which are incorporated herein by reference). 

As used herein, 4< pulp treatment compositions" refers to the use of the present 
perhydrolase enzymes in compositions suitable for use in papermaking. It is intended that 

15 the term encompass compositions suitable for the treatment of any pulp material, 

including wood, as well as non-wood materials, such as "agricultural residues" and "fiber 
crops," including but not limited to wheat straw, rice straw, com stalks, bagasse (sugar 
cane), rye grass straw, seed flax straw, flax straw, kenaf, industrial hemp, sisal, textile flat 
straw, hesperaloe, etc. Thus, the present invention also encompasses the use of the 

20 perhydrolases of the present invention in pulp treatment methods. 

As used herein, "oxidizing chemical" refers to a chemical that has the capability 
of bleaching pulp or any other material. The oxidizing chemical is present at an amount, 
pH and temperature suitable for bleaching. The term includes, but is not limited to 
hydrogen peroxide and peracids. 

25 As used herein, "acyl" is the general name for organic acid groups, which are the 

residues of carboxylic acids after removal of the -OH group (e.g., ethanoyl chloride, 
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CH3CO-CI, is the acyl chloride formed from ethanoic acid, CH3COO-H). The names of 
the individual acyl groups are formed by replacing the "-ic" of the acid by "-yl." 

As used herein, the term "acylation" refers to the chemical transformation which 
substitutes the acyl (RCO-) group into a molecule, generally for an active hydrogen of an 
5 -OH group. 

As used herein, the term 'transferase" refers to an enzyme that catalyzes the 
transfer of functional compounds to a range of substrates. 

As used herein, "leaving group" refers to the nucleophile which is cleaved from 
the acyl donor upon substitution by another nucleophile. 
10 As used herein, the term "enzymatic conversion" refers to the modification of a 

substrate to an intermediate or the modification of an intermediate to an end-product by 
contacting the substrate or intermediate with an enzyme. In some embodiments, contact 
is made by directly exposing the substrate or intermediate to the appropriate enzyme. In 
other embodiments, contacting comprises exposing the substrate or intermediate to an 
15 organism that expresses and/or excretes the enzyme, and/or metabolizes the desired 

substrate and/or intermediate to the desired intermediate and/or end-product, respectively. 

As used herein, the phrase "detergent stability 9 ' refers to the stability of a detergent 
composition. In some embodiments, the stability is assessed during the use of the 
detergent, while in other embodiments, the term refers to the stability of a detergent 
20 composition during storage. 

As used herein, the phrase, "stability to proteolysis" refers to the ability of a 
protein (e.g., an enzyme) to withstand proteolysis. It is not intended that the term be 
limited to the use of any particular protease to assess the stability of a protein. 

As used herein, "oxidative stability" refers to the ability of a protein to function 
25 under oxidative conditions. In particular, the term refers to the ability of a protein to 

function in the presence of various concentrations of H2O2 and/or peracid. Stability under 
various oxidative conditions can be measured either by standard procedures known to 



46 




PCTYUS2004/040438 



GC821-2 ^ 




10 



15 



20 



those in the art and/or by the methods described herein. A substantial change in oxidative 
stability is evidenced by at least about a 5% or greater increase or decrease (in most 
embodiments, it is preferably an increase) in the half-life of the enzymatic activity, as 
compared to the enzymatic activity present in the absence of oxidative compounds. 

As used herein, "pH stability 9 * refers to the ability of a protein to function at a 
particular pH. In general, most enzymes have a finite pH range at which they will 
function. In addition to enzymes that function in mid-range pHs (i.e., around pH 7), there 
are enzymes that are capable of working under conditions with very high or very low pHs. 
Stability at various pHs can be measured either by standard procedures known to those in 
the art and/or by the methods described herein. A substantial change in pH stability is 
evidenced by at least about 5% or greater increase or decrease (in most embodiments, it is 
preferably an increase) in the half-life of the enzymatic activity, as compared to the 
enzymatic activity at the enzyme's optimum pH. However, it is not intended that the 
present invention be limited to any pH stability level nor pH range. 

As used herein, 'thermal stability" refers to the ability of a protein to function at a 
particular temperature. In general, most enzymes have a finite range of temperatures at 
which they will function. In addition to enzymes that work in mid-range temperatures 
(e.g., room temperature), there are enzymes that are capable of working in very high or 
very low temperatures. Thermal stability can be measured either by known procedures or 
by the methods described herein. A substantial change in thermal stability is evidenced 
by at least about 5% or greater increase or decrease (in most embodiments, it is preferably 
an increase) in the half-life of the catalytic activity of a mutant when exposed to a 
different temperature (i.e., higher or lower) than optimum temperature for enzymatic 
activity. However, it is not intended that the present invention be limited to any 
temperature stability level nor temperature range. 

As used herein, the term "chemical stability" refers to the stability of a protein 
(e.g., an enzyme) towards chemicals that adversely affect its activity. In some 
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embodiments, such chemicals include, but are not limited to hydrogen peroxide, peracids, 
anionic detergents, cationic detergents, non-ionic detergents, chelants, etc. However, it 
is not intended that the present invention be limited to any particular chemical stability 
level nor range of chemical stability. 

5 

As used herein, the phrase "perhydrolase activity improvement" refers to the 
relative improvement of perhydrolase activity, in comparison with a standard enzyme. In 
some embodiments, the term refers to an improved rate of perhydrolysis product, while in 
other embodiments, the term encompasses perhydrolase compositions that produce less 

10 hydrolysis product. In additional embodiments, the term refers to perhydrolase 
compositions with altered substrate specificity. 

As used herein, the phrase "alteration in substrate specificity" refers to changes in 
the substrate specificity of an enzyme, hi some embodiments, a change in substrate 
specificity is defined as a difference between the Kcat/Km ratio observed with an enzyme 

1 5 compared to enzyme variants or other enzyme compositions. Enzyme substrate 

specificities vary, depending upon the substrate tested. The substrate specificity of an 
enzyme is determined by comparing the catalytic efficiencies it exhibits with different 
- substrates. These determinations find particular use in assessing the efficiency of mutant 
enzymes, as it is generally desired to produce variant enzymes that exhibit greater ratios 

20 for particular substrates of interest. For example, the perhydrolase enzymes of the present 
invention are more efficient in producing peracid from an ester substrate than enzymes 
currently being used in cleaning, bleaching and disinfecting applications. Another 
example of the present invention is a perhydrolase with a lower activity on peracid 
degradation compared to the wild type. Another example of the present invention is a 

25 perhydrolase with higher activity on more hydrophobic acyl groups than acetic acid. 
However, it is not intended that the present invention be limited to any particular 
substrate composition nor any specific substrate specificity. 
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As used herein, "surface property" is used in reference to an electrostatic charge, 
as well as properties such as the hydrophobicity and/or hydrophilicity exhibited by the 
surface of a protein. 

As used herein, the phrase "is independently selected from the group consisting of 

5 " means that moieties or elements that are selected from the referenced Markush 

group can be the same, can be different or any mixture of elements as indicated in the 
following example: 

A molecule having 3 R groups wherein each R group is independently selected 
from the group consisting of A, B and C. Here the three R groups may be: AAA, BBB, 
10 CCC, AAB, AAC, BBA, BBC, CCA, CCB, or ABC. 

In reference to chemical compositions, the term "substituted" as used herein, 
means that the organic composition or radical to which the term is applied is: 

(a) made unsaturated by the elimination of at least one element or radical; or 

(b) at least one hydrogen in the compound or radical is replaced with a moiety 
1 5 containing one or more (i) carbon, (ii) oxygen, (iii) sulfur, (iv) nitrogen or (v) 

halogen atoms; or 

(c) both (a) and (b). 

Moieties which may replace hydrogen as described in (b) immediately above, that contain 
only carbon and hydrogen atoms, are hydrocarbon moieties including, but not limited to, 

20 alkyl, alkenyl, alkynyl, alkyldienyl, cycloalkyl, phenyl, alkyl phenyl, naphthyl, anthryl, 
phenanthryl, fluoryl, steroid groups, and combinations of these groups with each other 
and with polyvalent hydrocarbon groups such as alkylene, alkylidene and alkylidyne 
groups. Moieties containing oxygen atoms that may replace hydrogen as described in (b) 
immediately above include, but are not limited to, hydroxy, acyl or keto, ether, epoxy, 

25 carboxy, and ester containing groups. Moieties containing sulfur atoms that may replace 
hydrogen as described in (b) immediately above include, but are not limited to, the sulfur- 
containing acids and acid ester groups, thioether groups, mercapto groups and thioketo 
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groups. Moieties containing nitrogen atoms that may replace hydrogen as described in 
(b) immediately above include, but are not limited to, amino groups, the nitro group, azo 
groups, ammonium groups, amide groups, azido groups, isocyanate groups, cyano groups 
and nitrile groups. Moieties containing halogen atoms that may replace hydrogen as 
5 described in (b) immediately above include chloro, bromo, fluoro, iodo groups and any of 
the moieties previously described where a hydrogen or a pendant alkyl group is 
substituted by a halo group to form a stable substituted moiety. 

It is understood that any of the above moieties (b)(i) through (b)(v) can be 
substituted into each other in either a monovalent substitution or by loss of hydrogen in a 
10 polyvalent substitution to form another monovalent moiety that can replace hydrogen in 
the organic compound or radical. 

As used herein, the terms "purified" and "isolated" refer to the removal of . 
contaminants from a sample. For example, perhydrolases are purified by removal of 
contaminating proteins and other compounds within a solution or preparation that are not 
1 5 perhydrolases. In some embodiments, recombinant perhydrolases are expressed in 
bacterial or fungal host cells and these recombinant perhydrolases are purified by the 
removal of other host cell constituents; the percent of recombinant perhydrolase 
polypeptides is thereby increased in the sample. 

As used herein, "protein of interest," refers to a protein (e.g., an enzyme or 
20 "enzyme of interest") which is being analyzed, identified and/or modified. Naturally- 
occurring, as well as recombinant proteins find use in the present invention. 

As used herein, "protein" refers to any composition comprised of amino acids and 
recognized as a protein by those of skill in the art. The terms "protein," "peptide" and 
polypeptide are used interchangeably herein. Wherein a peptide is a portion of a protein, 
25 those skilled in the art understand the use of the term in context. 

As used herein, functionally and/or structurally similar proteins are considered to 
be "related proteins." In some embodiments, these proteiiis are derived from a different 

50 



PCT/^J^^^O^S ' PCT/US2004/040438 
GC821-2 T) ^1) 



genus and/or species, including differences between classes of organisms (e.g., abacterial 
protein and a fungal protein). In some embodiments, these proteins are derived from a 
different genus and/or species, including differences between classes of organisms (e.g., a 
bacterial enzyme and a fungal enzyme). In additional embodiments, related proteins are 

5 provided from the same species. Indeed, it is not intended that the present invention be 
limited to related proteins from any particular source(s). In addition, the term "related 
proteins" encompasses tertiary structural homologs and primary sequence homologs (e.g., 
the perhydrolase of the present invention). In further embodiments, the term 
encompasses proteins that are immunologically cross-reactive. In most particularly 

10 preferred embodiments, the related proteins of the present invention very high ratios of 
perhydrolysis to hydrolysis. 

As used herein, the term "derivative" refers to a protein which is derived from a 
protein by addition of one or more amino acids to either or both the C- and N-terminal 
end(s), substitution of one or more amino acids at one or a number of different sites in the 

15 amino acid sequence, and/or deletion of one or more amino acids at either or both ends of 
the protein or at one or more sites in the amino acid sequence, and/or insertion of one or 
more amino acids at one or more sites in the amino acid sequence. The preparation of a 
protein derivative is preferably achieved by modifying a DNA sequence which encodes 
for the native protein, transformation of that DNA sequence into a suitable host, and 

20 expression of the modi fied DNA sequence to form the derivative protein. 

Related (and derivative) proteins comprise 'Variant proteins." In some preferred 
embodiments, variant proteins differ from a parent protein and one another by a small 
number of amino acid residues. The number of differing amino acid residues may be one 
or more, preferably 1, 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, or more amino acid residues. In 

25 some preferred embodiments, the number of different amino acids between variants is 
between 1 and 10. In some particularly preferred embodiments, related proteins and 
particularly variant proteins comprise at least 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
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70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% amino acid sequence identity. 
Additionally, a related protein or a variant protein as used herein, refers to a protein that 
differs from another related protein or a parent protein in the number of prominent 
regions. For example, in some embodiments, variant proteins have 1, 2, 3, 4, 5, or 10 
5 corresponding prominent regions that differ from the parent protein. 

Several methods are known in the art that are suitable for generating variants of 
the perhydrolase enzymes of the present invention, including but not limited to site- 
saturation mutagenesis, scanning mutagenesis, insertional mutagenesis, random 
mutagenesis, site-directed mutagenesis, and directed-evolution, as well as various other 

1 0 recombinatorial approaches. 

In particularly preferred embodiments, homologous proteins are engineered to 
produce enzymes with the desired activities). In some particularly preferred 
embodiments, the engineered proteins are included within the SGNH-hydrolase family of 
proteins. In some most preferred embodiments, the engineered proteins comprise at least 

1 5 one or a combination of the following conserved residues: L6, W14, W34, L38, R56, 
D62, L74, L78, H81, P83, M90, K97, Gl 10, LI 14, L135, F180, G205. In alternative 
embodiments, these engineered proteins comprise the GDSL-GRTT and/or ARTT motifs. 
In further embodiments, the enzymes are multimers, including but not limited to dimers, 
octamers, and tetramers. In yet additional preferred embodiments, the engineered 

20 proteins exhibit a perhydrolysis to hydrolysis ratio that is greater than 1. 

An amino acid residue of a perhydrolase is equivalent to a residue of M 
smegmatis perhydrolase if it is either homologous (i.e. 9 having a corresponding position 
in either the primary and/or tertiary structure) or analogous to a specific residue or portion 
of that residue in M smegmatis perhydrolase (i.e., having the same or similar functional 

25 capacity to combine, react, and/or chemically interact). 

In some embodiments, in order to establish homology to primary structure, the 
amino acid sequence of a perhydrolase is directly compared to the M. smegmatis 
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perhydrolase primary sequence and particularly to a set of residues known to be invariant 
in all perhydrolases for which sequence is known. After aligning the conserved residues, 
allowing for necessary insertions and deletions in order to maintain alignment (i.e., 
avoiding the elimination of conserved residues through arbitrary deletion and insertion), 

5 the residues equivalent to particular amino acids in the primary sequence of M. smegmatis 
perhydrolase are defined. In preferred embodiments, alignment of conserved residues 
conserves 100% of such residues. However, alignment of greater than 75% or as little as 
50% of conserved residues are also adequate to define equivalent residues. In preferred 
embodiments, conservation of the catalytic serine and histidine residues are maintained. 

10 Conserved residues are used to define the corresponding equivalent amino acid residues 
of M. smegmatis perhydrolase in other perhydrolases (e.g., perhydrolases from other 
Mycobacterium species, as well as any other organisms). 

In some embodiments of the present invention, the DNA sequence encoding M. 
smegmatis perhydrolase is modified. In some embodiments, the following residues are 

15 modified: Cys7, AsplO, Serl 1, Leul2, Thrl3, Trpl4, Trpl6, Pro24, Thr25, Leu53, 
Ser54, Ala55, Thr64, Asp65, Arg67, Cys77, Thr91, Asn94, Asp95, Tyr99, Vall25, 
Prol38, Leul40, Prol46, Prol48, Trpl49, PhelSO, Ilel53, Phel54, Thrl59, Thrl86, 
Ilel92,Ilel94,andPhel96. However, it is not intended that the present invention be 
limited to sequence that are modified at these positions. Indeed, it is intended that the 

20 present invention encompass various modifications and combinations of modifications. 

In additional embodiments, equivalent residues are defined by determining 
homology at the level of tertiary structure for a perhydrolase whose tertiary structure has 
been determined by x-ray crystallography. In this context, "equivalent residues" are 
defined as those for which the atomic coordinates of two or more of the main chain atoms 

25 of a particular amino acid residue of the carbonyl hydrolase and M. smegmatis 

perhydrolase (N on N, CA on CA, C on C, and O on O) are within 0.1 3nm and preferably 
0.1 nm after alignment. Alignment is achieved after the best model has been oriented and 
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positioned to give the maximum overlap of atomic coordinates of non-hydrogen protein 
atoms of the perhydrolase in question to the M smegmatis perhydrolase. As known in the 
art, the best model is the crystallographic model giving the lowest R factor for 
experimental diffraction data at the highest resolution available. Equivalent residues 
5 which are functionally and/or structurally analogous to a specific residue of M. smegmatis 
perhydrolase are defined as those amino acids of the perhydrolases that preferentially 
adopt a conformation such that they either alter, modify or modulate the protein 
structure, to effect changes in substrate binding and/or catalysis in a manner defined and 
attributed to a specific residue of the M. smegmatis perhydrolase. Further, they are those 

10 residues of the perhydrolase (in cases where a tertiary structure has been obtained by x- 
ray crystallography), which occupy an analogous position to the extent that although the 
main chain atoms of the given residue may not satisfy the criteria of equivalence on the 
basis of occupying a homologous position, the atomic coordinates of at least two of the 
side chain atoms of the residue lie with 0.13 nm of the corresponding side chain atoms of 

15 M. smegmatis perhydrolase. The coordinates of the three dimensional structure of M 

smegmatis perhydrolase were determined and are set forth herein {See e.g., Example 14) 
and find use as outlined above to determine equivalent residues on the level of tertiary 
structure. 

In some embodiments, some of the residues identified for substitution, insertion or 
20 deletion are conserved residues whereas others are not. The perhydrolase mutants of the 
present invention include various mutants, including those encoded by nucleic acid that 
comprises a signal sequence. In some embodiments of perhydrolase mutants that are 
encoded by such a sequence are secreted by an expression host. In some further 
embodiments, the nucleic acid sequence comprises a homolog having a secretion signal. 
25 Characterization of wild-type and mutant proteins is accomplished via any means 

suitable and is preferably based on the assessment of properties of interest. For example, 
pH and/or temperature, as well as detergent and /or oxidative stability is/are determined 
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in some embodiments of the present invention. Indeed, it is contemplated that enzymes 
having various degrees of stability in one or more of these characteristics (pH, 
temperature, proteolytic stability, detergent stability, and/or oxidative stability) will find 
use. In still other embodiments, perhydrolases with low peracid degradation activity are 
5 selected. 

As used herein, "expression vector" refers to a DNA construct containing a DNA 
sequence that is operably linked to a suitable control sequence capable of effecting the 
expression of the DNA in a suitable host. Such control sequences include a promoter to 
effect transcription, an optional operator sequence to control such transcription, a 

10 sequence encoding suitable mRNA ribosome binding sites and sequences which control 
termination of transcription and translation. The vector may be a plasmid, a phage 
particle, or simply a potential genomic insert. Once transformed into a suitable host, the 
vector may replicate and function independently of the host genome, or may, in some 
instances, integrate into the genome itself. In the present specification, "plasmid," 

15 "expression plasmid," and "vector" are often used interchangeably as the plasmid is the 
most commonly used form of vector at present. However, the invention is intended to 
include such other forms of expression vectors that serve equivalent functions and which 
are, or become, known in the art. 

In some preferred embodiments, the perhydrolase gene is ligated into an 

20 appropriate expression plasmid. The cloned perhydrolase gene is then used to transform 
or transfect a host cell in order to express the perhydrolase gene. This plasmid may 
replicate in hosts in the sense that it contains the well-known elements necessary for 
plasmid replication or the plasmid may be designed to integrate into the host 
chromosome. The necessary elements are provided for efficient gene expression (e.g.. a 

25 promoter operably linked to the gene of interest). In some embodiments, these necessary 
elements are supplied as the gene ! s own homologous promoter if it is recognized, (i.e., 
transcribed, by the host), a transcription terminator (a polyadenylation region for 
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eukaryotic host cells) which is exogenous or is supplied by the endogenous terminator 
region of the perhydrolase gene. In some embodiments, a selection gene such as an 
antibiotic resistance gene that enables continuous cultural maintenance of plasmid- 
infected host cells by growth in antimicrobial-containing media is also included. 
5 The following cassette mutagenesis method may be used to facilitate the 

construction of the perhydrolase variants of the present invention, although other methods 
maybe used. 

First, as described herein, a naturally-occurring gene encoding the perhydrolase is 
obtained and sequenced in whole or in part. Then, the sequence is scanned for a point at 

10 which it is desired to make a mutation (deletion, insertion or substitution) of one or more 
amino acids in the encoded perhydrolase. The sequences flanking this point are evaluated 
for the presence of restriction sites for replacing a short segment of the gene with an 
oligonucleotide pool which when expressed will encode various mutants. Such 
restriction sites are preferably unique sites within the protein gene so as to facilitate the 

1 5 replacement of the gene segment. However, any convenient restriction site which is not 
overly redundant in the perhydrolase gene may be used, provided the gene fragments 
generated by restriction digestion can be reassembled in proper sequence. If restriction 
sites are not present at locations within a convenient distance from the selected point 
(from 10 to 15 nucleotides), such sites are generated by substituting nucleotides in the 

20 gene in such a fashion that neither the reading frame nor the amino acids encoded are 

changed in the final construction. Mutation of the gene in order to change its sequence to 
conform to the desired sequence is accomplished by Ml 3 primer extension in accord with 
generally known methods. The task of locating suitable flanking regions and evaluating 
the needed changes to arrive at two convenient restriction site sequences is made routine 

25 by the redundancy of the genetic code, a restriction eii2yme map of the gene and the large 
number of different restriction enrymes. Note that if a convenient flanking restriction site 
is available, the above method need be used only in connection with the flanking region 
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which does not contain a site. 

Once the naturally-occurring DNA and/or synthetic DNA is cloned, the restriction 
sites flanking the positions to be mutated are digested with the cognate restriction 
enzymes and a plurality of end termini-complementary oligonucleotide cassettes are 
5 ligated into the gene. The mutagenesis is simplified by this method because all of the 
oligonucleotides can be synthesized so as to have the same restriction sites, and no 
synthetic linkers are necessary to create the restriction sites. 

As used herein, "corresponding to," refers to a residue at the enumerated position 
in a protein or peptide, or a residue that is analogous, homologous, or equivalent to an 
1 0 enumerated residue in a protein or peptide. 

As used herein, "corresponding region," generally refers to an analogous position 
along related proteins or a parent protein. 

The terms "nucleic acid molecule encoding," "nueleicracid sequence encoding," 
"DNA sequence encoding," and "DNA encoding" refer to the order or sequence of 
15 deoxyribonucleotides along a strand of deoxyribonucleic acid. The order of these 

deoxyribonucleotides determines the order of amino acids along the polypeptide (protein) 
chain. The DNA sequence thus codes for the amino acid sequence. 

As used herein, the term "analogous sequence" refers to a sequence within a 
protein that provides similar function, tertiary structure, and/or conserved residues as the 
20 protein of interest (i.e., typically the original protein of interest). For example, in epitope 
regions that contain an alpha helix or a beta sheet structure, the replacement amino acids 
in the analogous sequence preferably maintain the same specific structure. The term also 
refers to nucleotide sequences, as well as amino acid sequences. In some embodiments, 
analogous sequences are developed such that the replacement amino acids result in a 
25 variant enzyme showing a similar or improved function. In some preferred embodiments, 
the tertiary structure and/or conserved residues of the amino acids in the protein of 
interest are located at or near the segment or fragment of interest. Thus, where the 
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segment or fragment of interest contains, for example, an alpha-helix or a beta-sheet 
structure, the replacement amino acids preferably maintain that specific structure. 

As used herein, "homologous protein" refers to a protein (e.g., perhydrolase) that 
has similar action and/or structure, as a protein of interest (e.g., an perhydrolase from 
5 another source). It is not intended that homologs be necessarily related evolutionarily. 
Thus, it is intended that the term encompass the same or similar enzyme(s) (i.e., in terms 
of structure and function) obtained from different species. In some preferred 
embodiments, it is desirable to identify a homolog that has a quaternary, tertiary and/or 
primary structure similar to the protein of interest, as replacement for the segment or 

1 0 fragment in the protein of interest with an analogous segment from the homolog will 
reduce the disruptiveness of the change. In some embodiments, homologous proteins 
have induce similar immunological response(s) as a protein of interest. 

As used herein, "homologous genes" refers to at least a pair of genes from 
different species, which genes correspond to each other and which are identical or very 

15 similar to each other. The term encompasses genes that are separated by speciation (i.e., 
the development of new species) (e.g., orthologous genes), as well as genes that have 
been separated by genetic duplication (e.g., paralogous genes). These genes encode 
"homologous proteins." 

As used herein, "ortholog" and "orthologous genes" refer to genes in different 

20 species that have evolved from a common ancestral gene (i.e., a homologous gene) by 
speciation. Typically, orthologs retain the same function during the course of evolution. 
Identification of orthologs finds use in the reliable prediction of gene function in newly 
sequenced genomes. 

As used herein, "paralog" and "paralogous genes" refer to genes that are related 

25 by duplication within a genome. While orthologs retain the same function through the 

course of evolution, paralogs evolve new functions, even though some functions are often 
related to the original one. Examples of paralogous genes include, but are not limited to 
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genes encoding trypsin, chymotrypsin, elastase, and thrombin, which are all serine 
proteinases and occur together within the same species. 

As used herein, "wild-type" and "native" proteins are those found in nature. The 
terms "wild-type sequence/* and * 'wild-type gene" are used interchangeably herein, to 
5 refer to a sequence that is native or naturally occurring in a host cell. In some 

embodiments, the wild-type sequence refers to a sequence of interest that is the starting 
point of a protein engineering project. The genes encoding the naturally-occurring 
protein may be obtained in accord with the general methods known to those skilled in the 
art. The methods generally comprise synthesizing labeled probes having putative 
10 sequences encoding regions of the protein of interest, preparing genomic libraries from 
organisms expressing the protein, and screening the libraries for the gene of interest by 
hybridization to the probes. Positively hybridizing clones are then mapped and 
sequenced. 

The term "recombinant DNA molecule' 1 as used herein refers to a DNA molecule 
1 5 that is comprised of segments of DNA joined together by means of molecular biological 
techniques. 

The term "recombinant oligonucleotide" refers to an oligonucleotide created using 
molecular biological manipulations, including but not limited to, the ligation of two or 
more oligonucleotide sequences generated by restriction enzyme digestion of a 

20 polynucleotide sequence, the synthesis of oligonucleotides (e.g. 9 the synthesis of primers 
or oligonucleotides) and the like. 

The degree of homology between sequences may be determined using any suitable 
method known in the art (See e.g., Smith and Waterman, Adv. Appl. Math., 2:482 [1981]; 
Needleman and Wunsch, J. Mol. Biol., 48:443 [1970]; Pearson and Lipman, Proc. Natl. 

25 Acad. Sci. USA 85:2444 [1988]; programs such as GAP, BESTFIT, FASTA, and 
TFASTA in the Wisconsin Genetics Software Package (Genetics Computer Group, 
Madison, WI); and Devereux et aL, Nucl. Acid Res., 12:387-395 [1984]). 
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For example, PILEUP is a useful program to determine sequence homology 
levels. PILEUP creates a multiple sequence alignment from a group of related sequences 
using progressive, pairwise alignments. It can also plot a tree showing the clustering 
relationships used to create the alignment. PILEUP uses a simplification of the 

5 progressive alignment method of Feng and Doolittle, (Feng and Doolittle, J. Mol. Evol., 
35:351-360 [1987]). The method is similar to that described by Higgins and Sharp 
(Higgins and Sharp, CABIOS 5:151-153 [1989]). Useful PILEUP parameters including a 
default gap weigjit of 3.00, a default gap length weight of 0.10, and weighted end gaps. 
Another example of a useful algorithm is the BLAST algorithm, described by Altschul et 

10 al. 9 (Altschul et al 9 J. MoL Biol., 215:403-410, [1990]; and Karlin et a/., Proc. Natl. 

Acad. Sci. USA 90:5873-5787 [1993]). One particularly useful BLAST program is the 
WU-BLAST-2 program {See, Altschul et al. 9 Meth. Enzymol.,, 266:460-480 [1996]). 
parameters <C W," *T," and "X" determine the sensitivity and speed of the alignment. The 
BLAST program uses as defaults a wordlength (W) of 1 1, the BLOSUM62 scoring 

15 . matrix {See, Henikoff and Henikoff, Proc. Natl. Acad. Sci. USA 89:10915 [1989]) 

alignments (B) of 50* expectation (E) of 10, M'5, N'-4, and a comparison of both strands. 

As used herein, "percent (%) nucleic acid sequence identity" is defined as the 
percentage of nucleotide residues in a candidate sequence that are identical with the 
nucleotide residues of the sequence. 

20 As used herein, the term "hybridization" refers to the process by which a strand of 

nucleic acid joins with a complementary strand through base pairing, as known in the art. 

As used herein, the phrase "hybridization conditions" refers to the conditions 
under which hybridization reactions are conducted. These conditions are typically 
classified by degree of "stringency" of the conditions under which hybridization is 

25 measured. The degree of stringency can be based, for example, on the melting 

temperature (Tm) of the nucleic acid binding complex or probe. For example, "maximum 
stringency" typically occurs at about Tm-5°C (5° below the Tm of the probe); "high 
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stringency" at about 5-10° below the Tm; "intermediate stringency" at about 10-20° below 
the Tm of the probe; and "low stringency" at about 20-25° below the Tm. Alternatively, 
or in addition, hybridization conditions can be based upon the salt or ionic strength 
conditions of hybridization and/or one or more stringency washes. For example, 6xSSC 

5 = very low stringency; 3xSSC = low to medium stringency; lxSSC = medium stringency; 
and 0.5xSSC = high stringency. Functionally, maximum stringency conditions may be 
used to identify nucleic acid sequences having strict identity or near-strict identity with 
the hybridization probe; while high stringency conditions are used to identify nucleic acid 
sequences having about 80% or more sequence identity with the probe. 

1 0 For applications requiring high selectivity, it is typically desireable to use 

relatively stringent conditions to form the hybrids (e.g., relatively low salt and/or high 
temperature conditions are used). 

The phrases "substantially similar and "substantially identical" in the context of at 
least two nucleic acids or polypeptides typically means that a polynucleotide or 

1 5 polypeptide comprises a sequence that has at least about 40% identity, more preferable at 
least about 50% identity, yet more preferably at least about 60% identity, preferably at 
least about 75% identity, more preferably at least about 80% identity, yet more preferably 
at least about 90%, still more preferably about 95%, most preferably about 97% identity, 
sometimes as much as about 98% and about 99% sequence identity, compared to the 

20 reference (i.e., wild-type) sequence. Sequence identify may be determined using known 
programs such as BLAST, ALIGN, and CLUSTAL using standard parameters. (See e.g., 
Altschul, etaL, J. Mol. Biol. 215:403-410 [1990]; Henikoff etal, Proc. Natl. Acad. Sci. 
USA 89:10915 [1989]; Karin et al, Proc. NatL Acad. Sci USA 90:5873 [1993]; and 
Higgins et al. 9 Gene 73:237 - 244 [1988]). Software for performing BLAST analyses is 

25 publicly available through the National Center for Biotechnology Information. Also, 
databases may be searched using FASTA (Pearson et al. 9 Proc. Natl. Acad. Sci. USA 
85:2444-2448 [1988]). One indication that two polypeptides are substantially identical is 
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that the first polypeptide is immunologically cross-reactive with the second polypeptide. 
Typically, polypeptides that differ by conservative amino acid substitutions are 
immunologically cross-reactive. Thus, a polypeptide is substantially identical to a second 
polypeptide, for example, where the two peptides differ only by a conservative 

5 substitution. Another indication that two nucleic acid sequences are substantially 

identical is that the two molecules hybridize to each other under stringent conditions (e.g., 
within a range of medium to high stringency). 

As used herein, "equivalent residues" refers to proteins that share particular amino 
acid residues. For example, equivalent resides may be identified by determining 

10 homology at the level of tertiary structure for a protein (e.g. 9 perhydrolase) whose tertiary 
structure has been determined by x-ray crystallography. Equivalent residues are defined 
as those for which the atomic coordinates of two or more of the main chain atoms of a 
particular amino acid residue of the protein having putative equivalent residues and the 
protein of interest (N on N, CA on CA, C on C and O on O) are within 0.13 nm and 

1 5 preferably 0. 1 nm after alignment. Alignment is achieved after the best model has been 
oriented and positioned to give the maximum overlap of atomic coordinates of non- 
hydrogen protein atoms of the proteins analyzed. The preferred model is the 
crystallographic model giving the lowest R factor for experimental diffraction data at the 
highest resolution available, determined using methods known to those skilled in the art 

20 of crystallography and protein characterization/analysis. 

As used herein, the terms "hybrid perhydrolases" and "fusion perhydrolases" refer 
to proteins that are engineered from at least two different or "parental" proteins. In 
preferred embodiments, these parental proteins are homologs of one another. For 
example, in some embodiments, a preferred hybrid perhydrolase or fusion protein 

25 contains the N-terminus of a protein and the C-terminus of a homolog of the protein. In 
some preferred embodiment, the two terminal ends are combined to correspond to the 
full-length active protein. 
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The term "regulatory element" as used herein refers to a genetic element that 
controls some aspect of the expression of nucleic acid sequences. For example, a 
promoter is a regulatory element which facilitates the initiation of transcription of an 
operably linked coding region. Additional regulatory elements include splicing signals, 

5 polyadenylation signals and termination signals. 

As used herein, "host cells" are generally prokaryotic or eukaryotic hosts which 
are transformed or transfected with vectors constructed using recombinant DNA 
techniques known in the art. Transformed host cells are capable of either replicating 
vectors encoding the protein variants or expressing the desired protein variant. In the 

10 case of vectors which encode the pre- or prepro-form of the protein variant, such variants, 
when expressed, are typically secreted from the host cell into the host cell medium. 

The term "introduced" in the context of inserting a nucleic acid sequence into a 
cell, means transformation, transduction or transfection. Means of transformation include 
protoplast transformation, calcium chloride precipitation, electroporation, naked DNA 

15 and the like as known in the art. (See, Chang and Cohen, Mol. Gen. Genet., 168:111-115 
[1979]; Smith et aL 9 Appl. Env. Microbiol., 51 :634 [1986]; and the review article by 
Ferrari et aL, in Harwood, Bacillus, Plenum Publishing Corporation, pp. 57-72 [1989]). 

The term "promoter/enhancer" denotes a segment of DNA which contains 
sequences capable of providing both promoter and enhancer functions (for example, the 

20 long terminal repeats of retroviruses contain both promoter and enhancer functions). The 
enhancer/promoter may be "endogenous" or "exogenous" or "heterologous." An 
endogenous enhancer/promoter is one which is naturally linked with a given gene in the 
genome. An exogenous (heterologous) enhancer/promoter is one which is placed in 
juxtaposition to a gene by means of genetic manipulation (i.e., molecular biological 

25 techniques). 

The presence of "splicing signals" on an expression vector often results in higher 
levels of expression of the recombinant transcript. Splicing signals mediate the removal 
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of introns from the primary RNA transcript and consist of a splice donor and acceptor site 

(Sambrook et al, Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring 

Harbor Laboratory Press, New York [1989], pp. 16.7-16.8). A commonly used splice 

donor and acceptor site is the splice junction from the 16S RNA of SV40. 

5 - The term "stable transfection" or "stably transfected" refers to the introduction and 

integration of foreign DNA into the genome of the transfected cell. The term "stable 

transfectant" refers to a cell which has stably integrated foreign or exogenous DNA into 

the genomic DNA of the transfected cell. 

The terms "selectable marker" or "selectable gene product" as used herein refer to 

10 the use of a gene which encodes an enzymatic activity that confers resistance to an 

■ 

antibiotic or drug upon the cell in which the selectable marker is expressed. 

As used herein, the terms "amplification" and "gene amplification" refer to a 
process by which specific DNA sequences are disproportionately replicated such that the 
amplified gene becomes present in a higher copy number than was initially present in the 

1 5 genome. In some embodiments, selection of cells by growth in the presence of a drug 
(e.g., an inhibitor of an inhibitable enzyme) results in the amplification of either the 
endogenous gene encoding the gene product required for growth in the presence of the 
drug or by amplification of exogenous (i.e., input) sequences encoding this gene product, 
or both. Selection of cells by growth in the presence of a drug (e.g. , an inhibitor of art 

20 inhibitable enzyme) may result in the amplification of either the endogenous gene 
encoding the gene product required for growth in the presence of the drug or by 
amplification of exogenous (i.e., input) sequences encoding this gene product, or both. 

"Amplification" is a special case of nucleic acid replication involving template 
specificity. It is to be contrasted with non-specific template replication (i.e., replication 

25 that is template-dependent but not dependent on a specific template). Template 

specificity is here distinguished from fidelity of replication (i.e., synthesis of the proper 
polynucleotide sequence) and nucleotide (ribo- or deoxyribo-) specificity. Template 
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specificity is frequently described in terms of "target" specificity. Target sequences are 
"targets" in the sense that they are sought to be sorted out from other nucleic acid. 
Amplification techniques have been designed primarily for this sorting out. 

As used herein, the term "co-amplification" refers to the introduction into a single 
cell of an amplifiable marker in conjunction with other gene sequences (i.e., comprising 
one or more non-selectable genes such as those contained within an expression vector) 
and the application of appropriate selective pressure such that the cell amplifies both the 
amplifiable marker and the other, non-selectable gene sequences. The amplifiable marker 
may be physically linked to the other gene sequences or alternatively two separate pieces 
of DNA, one containing the amplifiable marker and the other containing the non- 
selectable marker, may be introduced into the same cell. 

As used herein, the terms "amplifiable marker," "amplifiable gene," and 
"amplification vector" refer to a marker, gene or a vector encoding a gene which permits 
the amplification of that gene under appropriate growth conditions. 

As used herein, the term "amplifiable nucleic acid" refers to nucleic acids which 
may be amplified by any amplification method. It is contemplated that "amplifiable 
nucleic acid" will usually comprise "sample template." 

As used herein, the term "sample template" refers to nucleic acid originating from 
a sample which is analyzed for the presence of "target" (defined below). In contrast, 
"background template" is used in reference to nucleic acid other than sample template 
which may or may not be present in a sample. Background template is most often 
inadvertent. It may be the result of carryover, or it may be due to the presence of nucleic 
acid contaminants sought to be purified away from the sample. For example, nucleic 
acids from organisms other than those to be detected may be present as background in a 
test sample. 

"Template specificity" is achieved in most amplification techniques by the choice 
of enzyme. Amplification enzymes are enzymes that, under conditions they are used, will 
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process only specific sequences of nucleic acid in a heterogeneous mixture of nucleic 
acid. For example, in the case of Qp replicase, MDV-1 RNA is the specific template for 
the replicase (See e.g., Kacian et al, Proc. Natl. Acad. Sci. USA 69:3038 [1972]). Other 
nucleic acids are not replicated by this amplification enzyme. Similarly, in the case of T7 

5 RNA polymerase, this amplification enzyme has a stringent specificity for its own 
promoters (See, Chamberlin et al, Nature 228:227 [1970]). In the case of T4 DNA 
ligase, the enzyme will not ligate the two oligonucleotides or polynucleotides, where 
there is a mismatch between the oligonucleotide or polynucleotide substrate and the 
template at the ligation junction (See, Wu and Wallace, Genomics 4:560 [1989]). Finally, 

10 Tag and PJu polymerases* by virtue of their ability to function at high temperature, are 
found to display high specificity for the sequences bounded and thus defined by die 
primers; the high temperature results in thermodynamic conditions that favor primer 
hybridization with the target sequences and not hybridization with non-target sequences. 
As used herein, the term "primer" refers to an oligonucleotide, whether occurring 

1 5 naturally as in a purified restriction digest or produced synthetically, which is capable of 
acting as a point of initiation of synthesis when placed under conditions in which 
synthesis of a primer extension product which is complementary to a nucleic acid strand 
is induced, (i.e., in the presence of nucleotides and an inducing agent such as DNA 
polymerase and at a suitable temperature and pH). The primer is preferably single 

20 stranded for maximum efficiency in amplification, but may alternatively be double 

stranded. If double stranded, the primer is first treated to separate its strands before being 
used to prepare extension products. Preferably, the primer is an 

oligodeoxyribonucleotide. The primer must be sufficiently long to prime the synthesis of 
extension products in the presence of the inducing agent. The exact lengths of the 
25 primers will depend on many factors, including temperature, source of primer and the use 
of the method. 

As used herein, the term "probe" refers to an oligonucleotide (i.e., a sequence of 
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nucleotides), whether occurring naturally as in a purified restriction digest or produced 
synthetically, recombinantly or by PCR amplification, which is capable of hybridizing to 
another oligonucleotide of interest. A probe may be single-stranded or double-stranded. 
Probes are useful in the detection, identification and isolation of particular gene 

5 sequences. It is contemplated that any probe used in the present invention will be labeled 
with any "reporter molecule," so that is detectable in any detection system, including, but 
not limited to enzyme (e.g., ELIS A, as well as enzyme-based histochemical assays), 
fluorescent, radioactive, and luminescent systems. It is not intended that the present 
invention be limited to any particular detection system or label. 

10 As used herein, the term "target," when used in reference to amplification methods 

(e.g., the polymerase chain reaction), refers to the region of nucleic acid bounded by the 
primers used for polymerase chain reaction. Thus, the "target" is sought to be sorted out 
from other nucleic acid sequences. A "segment" is defined as a region of nucleic acid 
within the target sequence. 

15 As used herein, the term "polymerase chain reaction" ("PCR") refers to the 

methods of U.S. Patent Nos. 4,683,195, 4,683,202, and 4,965,188, hereby incorporated by 
reference, which include methods for increasing the concentration of a segment of a target 
sequence in a mixture of genomic DNA without cloning or purification. This process for 
amplifying the target sequence consists of introducing a large excess of two 

20 oligonucleotide primers to the DNA mixture containing the desired target sequence, 

followed by a precise sequence of thermal cycling in the presence of a DNA polymerase. 
The two primers are complementary to their respective strands of the double stranded 
target sequence. To effect amplification, the mixture is denatured and the primers then 
annealed to their complementary sequences within the target molecule. Following 

25 annealing, the primers are extended with a polymerase so as to form a new pair of 

complementary strands. The steps of denaturation, primer annealing and polymerase 
extension can be repeated many times (i.e., denaturation, annealing and extension 
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constitute one "cycle"; there can be numerous "cycles") to obtain a high concentration of 
an amplified segment of the desired target sequence. The length of the amplified segment 
of the desired target sequence is determined by the relative positions of the primers with 
respect to each other, and therefore, this length is a controllable parameter. By virtue of 
5 the repeating aspect of the process, the method is referred to as the "polymerase chain 
reaction" (hereinafter "PCR"). Because the desired amplified segments of the target 
sequence become the predominant sequences (in terms of concentration) in the mixture, 
they are said to be "PCR amplified". 

As used herein, the term "amplification reagents" refers to those reagents 

10 (deoxyribonucleotide triphosphates, buffer, etc.), needed for amplification except for 
primers, nucleic acid template and the amplification enzyme. Typically, amplification 
reagents along with other reaction components are placed and contained in a reaction 
vessel (test tube, microwell, etc.). 

With PCR, it is possible to amplify a single copy of a specific target sequence in 

15 genomic DNA to a level detectable by several different methodologies {e.g., hybridization 
with a labeled probe; incorporation of biotinylated primers followed by avidin-enzyme 
conjugate detection; incorporation of 32 P-labeled deoxynucleotide triphosphates, such as 
dCTP or dATP, into the amplified segment). In addition to genomic DNA, any 
oligonucleotide or polynucleotide sequence can be amplified with the appropriate set of 

20 primer molecules. In particular, the amplified segments created by the PCR process itself 
are, themselves, efficient templates for subsequent PCR amplifications. 

As used herein, the terms "PCR product," "PCR fragment," and "amplification 
product" refer to the resultant mixture of compounds after two or more cycles of the PCR 
steps of denaturation, annealing and extension are complete. These terms encompass the 

25 case where there has been amplification of one or more segments of one or more target 
sequences. 

As used herein, the terms "restriction endonucleases" and "restriction enzymes" 
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refer to bacterial enzymes, each of which cut double-stranded DNA at or near a specific 
nucleotide sequence. 

The Present Invention 

5 _ -In some most particularly preferred embodiments * the present invention finds use 
in the enzymatic generation of peracids from ester substrates and hydrogen peroxide. In 
some preferred embodiments, the substrates are selected from one or more of the 
following: formic acid, acetic acid, propionic acid, butyric acid, valeric acid, caproic acid, 
caprylic acid, nonanoic acid, decanoic acid, dodecanoic acid, myristic acid, palmitic acid, 

1 0 stearic acid, and oleic acid. Importantly, the present invention provides means for 

effective cleaning, bleaching, and disinfecting over broad pH and temperature ranges. In 
some embodiments, the pH range utilized in this generation is 4-12. In alternative 
embodiments, the temperature range utilized is between 5° and 90°C. The present 
invention provides advantages over the presently used systems (See e.g., EP Appln. 87- 

1 5 304933.9) in that bleaching is possible at the optimum pH of peracid oxidation, as well as 
providing bleaching at neutral pH, acidic pHs, and at low temperatures. While the 
present invention is described herein most fully in regard to laundry and fabric care, it is 
not intended that the present invention be limited to these applications. Indeed, the 
present invention finds use in various settings, particularly those in which bleaching by 

20 peracids and/or hydrogen peroxide are desired, including but not limited to laundry, fabric 
treatment, pulp and paper processing, personal care applications, disinfection and 
cleaning of hard surfaces. For example, it is contemplated that the compositions of the 
present invention will find use in bleaching of pulp, including use in methods such as 
those set forth in U.S. Patent Nos. 6,569,286, 5,785,812, 6,165,318, and 4,400,237, all of 

25 which are herein incorporated by reference. 

Historically, sodium perborate, and more recently, sodium percarbonate, have 
been used as bleaching compounds, particularly in European laundry detergents. This 
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compound decomposes rapidly in aqueous solution to yield hydrogen peroxide (H2O2), 
which is the active bleaching species. As sodium perborate is more active at temperatures 
above 80°C, and less active in the temperature range of 40-60°C wash temperatures 
that have become most commonly preferred as of the 1950s), bleaching activators have 
5 been incorporated into laundry detergents that contain sodium perborate. Indeed, most 

laundry detergents contain bleaching activators. These activators are compounds with O- 
or N-bounded acetyl groups that are able to react with the strongly nucleophilic 
hydroperoxy anion to yield peroxyacetic acid. Since the reacting species is hydroperoxy 
anion, alkaline pHs are essential for the efficient conversion of these activators to 
10 peracids. The peroxyacetic acid is decomposed in weakly basic media to form singlet 
oxygen {See, Hofinann et al. 9 J. Prakt. Chem., 334:293-297 [1992]). 

Hydrogen peroxide is a particularly effective bleach at high temperatures (e.g., 
>40°C) and pH (>10), conditions that are typically used in washing fabrics in some 
settings. However, as indicated above, cold water washing is becoming more commonly 
15 used and results in less effective bleaching by H2O2 than use of hot water. To overcome 
this low temperature disadvantage, detergent formulations typically include bleach 
boosters, such as TAED (N^^'N'-tetraacetylethylenediamine), NOBS 
(nonanoyloxybenzene sulfonate), etc. These boosters combine with H2O2 to form peracetic 
acid, a peracid species that is more effective than H2O2 alone. Although it helps the 
20 bleaching capability of detergent, the TAED reaction is only approximately 50% efficient, 
as only two out of the four acetyl groups in TAED are converted to peracids. 
Additionally, conversion of TAED into peracetic acid by hydrogen peroxide is efficient 
only at alkaline pHs and high temperatures. Thus, the TAED reaction is not optimized 
for use in all bleaching applications (e.g., those involving neutral or acidic pHs, and cold 
25 water). The present invention provides means to overcome the disadvantages of TAED 
use. For example, the present invention finds use in cold water applications, as well as 
those involving neutral or acidic pH levels. Furthermore, the present invention provides 
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means for peracid generation from hydrogen peroxide, with a high perhydrolysis to 
hydrolysis ratio- The present invention further provides advantages over compositions 
that contain enzymes such as esterases and lipases) which have very low perhydrolysis to 
hydrolysis ratios. 



methods and compositions for the use of peracids in textile bleaching and in various other 
applications. In some embodiments, the present invention provides one-step methods for 
textile processing applications, including but not limited to one-step desizing, scouring 
and bleaching processes (See e.g., EP WO 03002810, EP 1255888, WO 0164993, and US 
1 0 200200075 1 6, all of which are hereby incorporated by reference). As described in greater 
detail herein, in some embodiments, bleaching involves processing textile material before 
it is dyed and/or after it is incorporated into textile goods. However, it is not intended 
that the present invention be limited to any particular regimen of use nor any particular 
textile material. 

15 Furthermore, the peracetic technology of the present invention finds use as an 

effective bactericide (See, Baldry, J. Appl. Bacteriol., 54:417-423 [1983]). Thus, the 
present invention provides compositions and methods for the sterilization/disinfection of 
various objects, including but not limited to medical devices, medical equipment, 
industrial equipment, and fermenters, as well as any additional object that needs to be 

20 sterilized or disinfected. As discussed in greater detail below, during the development of 
the present invention, the enzyme of the present invention was used in a standard cell kill 
experiment to demonstrate this suitability. In additional embodiments, the present 
invention provides compositions and methods suitable for use in biofilm control, such as 
in cooling towers. 

25 Also as described in more detail in the Examples below, the present invention 

provides many advantages for cleaning and/or sterilization of a wide range of objects, 
including but not limited to clothing, fabrics, medical devices, etc. In addition, the 
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In addition to its applications in detergents, the present invention provides 
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present invention provides compositions that are effective in cleaning, bleaching, and 
disinfecting, over a range of wash temperatures and pHs. In additional embodiments, the 
present invention finds use in degradation of peracids through the perhydrolase peracid 
degradation activity. In some preferred embodiments, this activity is used in peracid 
5 waste clean up applications. 

Furthermore, the perhydrolase enzymes of the present invention are active on 
various acyl donor substrates, as well as being active at low substrate concentrations, and 
provide means for efficient perhydrolysis due to the high peracidracid ratio. Indeed, it has 
been recognized that higher perhydrolysis to hydrolysis ratios are preferred for bleaching 

10 applications (See e.g., U.S. Patent No. 5,352,594, 5,108,457, 5,030,240, 3974,082, and 
5,296,616, all of which are herein incorporated by reference). In preferred embodiments, 
the perhydrolase enzymes of the present invention provide perhydrolysis to hydrolysis 
ratios that are greater than 1 . In particularly preferred embodiments, the perhydrolase 
enzymes provide a perhydrolysis to hydrolysis ratio greater than 1 and are find use in 

15 bleaching. 

In addition, it has been shown to be active in commonly used detergent 
formulations (e.g. y Ariel Futur, WOB, etc.). Thus, the present invention provides many 
advantages in various cleaning settings. 

As indicated above, key components to peracid production by enzymatic 

20 perhydrolysis are enzyme, ester substrate, and hydrogen peroxide. Hydrogen peroxide 
can be either added directly in batch, or generated continuously "m situ" Current 
washing powders use batch additions of H2O2, in the form of percarbonate or perborate 
salts that spontaneously decompose to H2O2. The perhydrolase enzymes of the present 
invention find use in the same washing powder batch method as the H2O2 source. 

25 However, these enzymes also find use with any other suitable source of H2O2, including 
that generated by chemical, electro-chemical, and/or enzymatic means. Examples of 
chemical sources are the percarbonates and perborates mentioned above, while an 
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example of an electrochemical source is a fuel cell fed oxygen and hydrogen gas, and an 
enzymatic example includes production of H2O2 from the reaction of glucose with 
glucose oxidase. The following equation provides an example of a coupled system that 
finds use with the present invention. 



Glucose oxidase 

Glucose + H2O -> gluconic acid + H2O2 

+ 

10 Perhydrolase 

H2O2 + ester substrate alcohol + peracid 



It is not intended that the present invention be limited to any specific enzyme, as 
1 5 any enzyme that generates H2O2 with a suitable substrate finds use in the methods of the 
present invention. For example, lactate oxidases from Lactobacillus species which are 
known to create H2O2 from lactic acid and oxygen find use with the present invention. 
Indeed, one advantage of the methods of the present invention is that the generation of 
acid (e.g., gluconic acid in the above example) reduces the pH of a basic solution to the 
20 pH range in which the peracid is most effective in bleaching (i.e., at or below the pKa). 
Other enzymes (e.g., alcohol oxidase, ethylene glycol oxidase, glycerol oxidase, amino 
acid oxidase, etc.) that can generate hydrogen peroxide also find use with ester substrates 
in combination with the perhydrolase enzymes of the present invention to generate 
peracids. In some preferred embodiments, the ester substrates are selected from one or 
25 more of the following acids: formic acid, acetic acid, propionic acid, butyric acid, valeric 
acid, caproic acid, caprylic acid, nonanoic acid, decanoic acid, dodecanoic acid, myristic 
acid, palmitic acid, stearic acid, and oleic acid. Thus, as described herein, the present 
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invention provides definite advantages over the currently used methods and compositions 
for detergent formulation and use, as well as various other applications. 



DETAILED DESCRIPTION OF THE PRESENT INVENTION 

5 The present invention provides methods and compositions comprising at least one 

perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
peracids. The present invention finds particular use in applications involving cleaning, 
bleaching and disinfecting. 

10 

Cloning and Characterization of M. smegmatis Perhydrolase 

The cloning of the M. smegmatis perhydrolase (i.e. 9 referred to herein as the "phd* 9 
gene, which encodes the "Phd" protein; this perhydrolase gene is sometimes herein 
referred to as the "acf* gene and the protein is sometimes referred to as the "Act" protein) 

15 of the present invention was based on peptide sequence data from the acyltransferase 
purified from Mycobacterium parafortuitum (previously known as Corynebacterium 
oxydans) and published information regarding the 7-aminocephalosporanic acid (7-ACA) 
arylesterase gene of Agrobacterium radiobacter (Sakai et aL, J. Ferment. Bioengineer., 
85: 138-143 [1998]). Two peptide sequences from purified M. parafortuitum 

20 acyltransferase were found to be similar to internal N- and C-terminal regions of the A. 
radiobacter 7-ACA-arylesterase (47% and 42% identity respectively). 

A set of PCR primers was designed based on the amino acid sequence of these 
internal peptides (designated "AtintF" and "AtintR"). Another set of primers was 
developed based on the 5' and 3' ends ("ATNcoI" and "ATBamHl") of the A. 

25 radiobacter 7-ACA DNA sequence. A single product of the expected size was amplified 
from M parafortuitum chromosomal DNA using both sets of primers. The full length 
product, amplified by the ATNcoI/ATBamHl primer pair, was cloned into pET16b and 
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transformed into BL21 cells (Novagen, Madison, WI). This clone had a sequence 
identical to that of the A. radiobacter 7-ACA gene. As it was determined that purified M. 
parafortuitum perhydrolase was not the 7-ACA acyl esterase, it was concluded that this 
was not the gene encoding the perhydrolase of the present invention. 
5 Thus, efforts were further focused on M smegmatis for cloning and expression of 

the perhydrolase of the present invention. To identify the M parafortuitum gene based 
on enzyme activity screening, a plasmid library of M. parafortuitum DNA in M 
smegmatis was constructed using a plasmid with a promoter to drive expression of cloned 
genes. Surprisingly, M smegmatis itself was found to be positive for perhydrolase and 

10 acyltransferase activity. Thus, in some instances herein, the perhydrolase is referred to as 
. "ACT" (or "Act"). A protein BLAST search of the M smegmatis unfinished genome 
using the sequence of the A. radiobacter 7-ACA identified a 2 kb contig containing an 
ORF (open reading frame) that encoded a hypothetical protein that was similar but not 
identical to the 7-ACA protein. Based on this sequence, primers were designed and used 

15 to amplify the gene from M. smegmatis (ATCC 1 0 1 43). By adding an E. coli ribosome 
binding site upstream of the start codon, a clone that expressed active enzyme was 
obtained. The vector used was either pCR2. 1TOPO or pBluntDTOPO (Invitrogen, 
Carlsbad, CA), in E. coli ToplO cells. The gene was expressed constitutively from the 
plasmid-encoded lac promoter. This enzyme carried out the same reactions as the 

20 originally described M. parafortuitum acyltransferase. 

During the characterization of the perhydrolase of the present invention, standard 
protein BLAST searches identified a few proteins (<20) with sequence similarity of 30- 
80%. This group included the 7-ACA arylesterases from A. radiobacter and other 
organisms, which have 43% identity withM. smegmatis perhydrolase. All of the 

25 identified homologs with at least 40% similarity have a GDS motif very near the N- 

terminal end. All of the proteins also contain most of the conserved residues which could 
place them within the suggested GDSL family of lipolytic enzymes (See e.g., Upton and 
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Buckley, Trends Biochem. Sci., 20:178 [1995]). However, enzymes mentioned in this 
paper do not appear on homology searches with the perhydrolase protein. Indeed these 
proteins have less than 20% similarity with the perhydrolase and its homologs, suggesting 
that the acyltransferase-related (and perhydrolase of the present invention) enzymes form 
5 a subfamily. 

The natural function of the enzyme of the present invention and the closely related 
proteins, apart from the 7-ACA arylesterase, have not been biochemically determined. M 
smegmatis appears to be the only organism with the acyltransferase/perhydrolase in an 
operon with a putative penicillin binding protein (PBP). While it is not intended that the 

1 0 present invention be limited to any particular mechanism, this suggests that the enzyme 
may be involved in cell wall synthesis/structure or modification of molecules taken up 
from the environment. There are no homologues of the perhydrolase of the present 
invention that have been identified in M. tuberculosis or M. leprae to date. However, 
some organisms were determined to have multiple homologues {e.g., S. metiloti). 

1 5 During the development of the present invention, various mutations were made in 

the M. smegmatis perhydrolase in order to assess its activity. This enzyme contains two 
cysteine residues, which were hypothesized as potentially forming disulfide bonds, both 
of which were changed to alanine, in order to determine whether or not the C residues had 
any effect on the activity of the enzyme. Activity assay results obtained using the 

20 transesterification (in aqueous solution) assay described herein indicated that C7A, as 

well as C77A, and a double mutant (C7A and C77A) were of the same size and specific 
activity. 

Many enzymes have the amino acid serine as part of their active site and are 
therefore referred to, among other designations, as "serine hydrolases." The active site 
25 may consist of a catalytic triad of S (serine), D (aspartic acid) and H (histidine). 

Examples of such enzymes include, but are not limited to subtilisin (D32-H64-S215), . 
chymotrypsin (H57-D102-S195) and lipases in the alpha/beta hydrolase family (e.g., 
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S126-D176-H206). Atypical motif for lipases is the GDSL motif (Upton and Buckley, 
supra [1995]) in which the S is the active site serine. Since the perhydrolase of the 
present invention was determined to have a GDSL (amino acids 9-12) motif, the S 1 1 was 
mutated to an A, in order to confirm the involvement of this S in the active site. As 
5 indicated in the Examples, the activity assay results indicated that SUA had only 1 % of 
the activity of the wild-type enzyme. Deletion of the C-terminal 25 amino acids also 
resulted in abrogation of the activity, suggesting that these amino acids either contained a 
residue involved directly in the active site, and/or that the structure of the protein was 
affected such that the active site was no longer able to catalyze the reactions. In addition, 
10 the predicted active site residues, D 1 92 and H 1 95 were mutated to A. Neither mutant had 
activity, confirming that the active site residues of the perhydrolase of the present 
invention consist of S 1 1 , D 1 92 and H 1 95. However, it is not intended that the present 
invention he limited to any particular mechanism, nor is the present invention limited to 
mutation(s) at any particular active site residues. 

15 

Cloning of M. parafortuitum Perhydrolase 

There were some differences between the N-terminal peptide sequence obtained 
from the M. parafortuitum enzyme and the N-terminal sequence of M smegmatis 
perhydrolase. However, there was a sequence in the C-terminal region of the M. 

20 smegmatis perhydrolase identical to the C-terminal peptide sequence of the M 

parafortuitum enzyme. Two primers were designed to amplify a partial sequence of the 
M. parafortuitum perhydrolase gene; the sequence of the reverse primer was identical to 
the sequence of the corresponding region in M smegmatis perhydrolase gene, and the 
sequence of the forward primer was based on M. smegmatis codon usage. The forward 

25 primer, MPS: 5'- 

ATGGGTACCCGACGAATTCTGTCCTTCGGTGATTCCCTGACCT-3 , (SEQ ID 
NO: 1 1) and the reverse primer MPC-intR 5'- 
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GATTCCGTCGACGCCGTCGGTGCTGATCACCGAACCCGCGTCGAAGAACGG- " 
3 ' (SEQ ID NO: 12). The partial gene was amplified from the chromosome of M 
parafortuitum and cloned into pCRZlTOPO (Invitrogen, Carlsbad, CA). Sequence 
analysis showed that the enzyme is very similar, but not identical to the M. smegmatis 
5 perhydrolase (77% identity). Based on the molecular weights of the monomers of the 
perhydrolases determined by SDS-PAGE (MP AT: 26 kDa, MSAT: 24 kDa, MP cloned 
AT: -18 kDa), the clone from primers made to the internal fragment was determined to 
be missing approximately 70 amino acids (-8 kDa). The remaining sequence at the 5'- 
end of the M. parafortuitum gene can be obtained by any of several methods suitable and 
1 0 familiar to those skilled in the art of molecular biology, including, but not limited to, 
inverse PCR, probing of plasmid/cosmid libraries of M. parafortuitum chromosomal 
DNA, sequencing of the gene directly from chromosomal DNA (e.g., as performed by 
Fidelity Systems, Bethesda Maryland). 

1 5 Expression of the M. smegmatis Perhydrolase 

The perhydrolase is an intracellular protein in its native host. Production of the 
perhydrolase in non-native hosts may also be done intracellularly. However, in some 
embodiments, a signal sequence is added to the perhydrolase, which facilitates expression 
of the perhydrolase by secretion into the periplasm (i.e. 9 in Gram-negative organisms, 

20 such as E. coli), or into the extracellular space (i.e., in Gram-positive organisms, such as 
Bacillus and Actinomycetes), or eukaryotic hosts (e.g., Trichoderma, Aspergillus, 
Saccharomyces, and Pichia). Of course, these are just a few examples of possible 
prokaryotic and eukaryotic hosts. It is not intended that the present invention be limited 
to these specific hosts, as various other organisms find use as expression hosts in the 

25 present invention. 

A variety of commercially available expression systems, including but not limited 
to pBAD, plac, T7, find use in the expression of the perhydrolase in Gram-negative hosts 
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(e.g., E. coli). In some embodiments, the same types of promoters find use in another 
Gram-negative host, Pantoea citrea. 

To test expression in E. coli two strategies were used: 1) adding an RBS 
(ribosome binding site) to the 5' end of the phd gene and cloning the gene into 
5 pCRBLUNTHTOPO (Invitrogen), thus allowing expression directly from the pLac 

promoter available in that vector; and 2) cloning the phd gene under control of the T7 
promoter in the plasmid pET16b (Novagen). In the latter system, expression of the gene 
is inducible by addition of IPTG to the growing culture and use of a specific host cell 
(e.g., BL21(AJDE3)pLysS (Novagen)) that contains the XDE3 lysogen encoding the T7 

10 RNA polymerase. The first strategy produces a plasmid capable of allowing expression 
of the perhydrolase protein in other Gram-negative hosts (e.g., P. citred): 

To express protein in E. coli or P. citrea using the first strategy, cultures were 
grown from single, purified colonies at 37°C overnight in L broth plus the appropriate 
antibiotic (example, kanamycin 50 pg/ml). Expression of the protein was determined by 

15 the pNB assay (See, Example 1) after lysis of the cells. 

Expression of the perhydrolase using the T7 expression system requires induction 
. of the culture with the addition of IPTG (e.g., 100 mmole IPTG added at an OD550 of 
0.4). Overnight cultures, inoculated from a single colony, are used to inoculate the 
expression culture of the desired volume (25 mis to several liters) at an OD550 of 0.1. The 

20 expression culture was then grown at the desired temperature (e.g., 25*C, 30°C, 37°C) 

until an OD550 of 0.4 was reached, after which IPTG was added. Expression was allowed 
to continue for 3 hours to overnight. Protein expression was monitored by pNB activity 
assay as described in Example 1. Usually, expression from the T7 system gives a high 
titer of protein, sufficient for further analysis such as crystallography. 

25 Bacillus species are well-known as suitable hosts for expression of extracellular 

proteins (e.g., proteases). Intracellular expression of proteins is less well known. 
Expression of the perhydrolase protein intracellularly in Bacillus subtilis can be done 
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using a variety of promoters, including, but not limited to pVeg, pSPAC, pAprE, or 
pAmyE in the absence of a signal sequence on the 5' end of the gene. In some 
embodiments, expression is achieved from a replicating plasmid (high or low copy 
number), while in alternative embodiments, expression is achieved by integrating the 
desired construct into the chromosome. Integration can be done at any locus, including 
but not limited to the aprE, amyE, or pps locus. In some embodiments, the perhydrolase 
is expressed from one or more copies of the integrated construct. In alternative 
embodiments, multiple integrated copies are obtained by the integration of a construct 
capable of amplification (e.g., linked to an antibiotic cassette and flanked by direct repeat 
sequences), or by ligation of multiple copies and subsequent integration into the 
chromosome. In some embodiments, expression of the perhydrolase with either the 
replicating plasmid or the integrated construct is monitored using the pNB activity assay 
(described herein) in an appropriate culture. 

As with Bacillus, in some embodiments, expression of the perhydrolase in the 
Gram-positive host Streptomyces is done using a replicating plasmid, while in other 
embodiments, expression of the perhydrolase is accomplished via integration of the 
vector into the Streptomyces chromosome. Any promoter capable of being recognized in 
Streptomyces finds use in driving transcription of the perhydrolase gene (e.g., glucose 
isomerase promoter, A4 promoter). Replicating plasmids, either shuttle vectors or 
Streptomyces only, also find use in the present invention for expression (e.g., pSECGT). 

Structure of M smegmatis Perhydrolase 

The crystal structure of the M. smegmatis perhydrolase was determined to 2.2 
Angstroms. The structure confirmed findings with gel filtration sizing columns, that 
indicated this enzyme is an octamer. The structure of the monomer places the enzyme in 
the class known as SGNH-hydrolases (See e.g., Molgaard et al, Structure 8: 373-383 
[2000]). The active site residues were identified as SI 1-D192-H195, based on 



80 



P^CT^ 2 1°^ 05 .^ 8 HO "43 S 

GC821-2 



homology, confirming the identification of the catalytic triad based on loss of activity in 
the SUA, D192A, and H195A mutations described above. Figure 3 provides schematics 
showing the structure of the M. smegmatis perhydrolase, as well as other serine 
hydrolases. As indicated, this enzyme has a different structure than the enzymes shown 
5 here (chymotrypsin, subtilisin, and a/p hydrolase). Indeed, the structural analysis of the 
perhydrolases of the present invention indicates that this group of enzymes has a different 
form and active site than do these other enzymes. A schematic diagram of the structure 
of the monomer is illustrated in Figure 4. The structures of four other enzymes in the 
SGNH-hydrolase family have been solved, namely Aspergillus aculeatus 

10 rhamnogalucturonan acetylesterase (RGAE), Bos taunts platelet activating factor (PAF- 
AH(lb)a), Streptomyces scabies esterase (SsEst) and the thioesterase/Protease 
I/Phospholipase Li (TAP or Tes) from E. colu Very little sequence or functional 
homology is present in these enzymes. Basically, the sequence identity is reserved for the 
residues involved in the active site and those defining the family. While the overall 

15 folding of the enzymes is similar (See e.g., Molgaard et aL, supra [2000], for overlaying 
of structures), there are structural differences. For example, there is a loop covering the 
active site in SsEst, compared to RGAE and TAP which have active sites that are surface- 
exposed. The M. smegmatis perhydrolase has an active site that is somewhat buried. The 
binding residues of the M. smegmatis perhydrolase were identified as Cys7, AsplO, 

20 Serl 1, Leul2, Thrl3, Trpl4, Trpl6, Pro24, Thi25, Leu53, Ser54, Ala55, Thr64, Asp65, 
Arg67, Cys77, Thr91, Asn94, Asp95, Tyr99, Vall25, Prol38, Leul40, Prol46, Prol48, 
Trpl49, Phel50, Del53, Phel54, Thrl59, Thrl86, Hel92, Ilel94, and Phel96. These 
sites were derived from direct observation and by modeling studies to model substrate 
binding to the enzyme, using methods known in the art. 

25 As indicated above, the M. smegmatis perhydrolase was found to be an octamer in 

the crystalline state. However, it is contemplated to be either a hexamer or octamer in 
solution. The octamer is seen to be a tetramer of dimers, two molecules are much more 
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closely and extensively interacting and these are termed the "act transferase" dimers. 
Several of the conserved sites are found along this dimer interface. For example, residues 
Trp 14, Arg 27, Arg 56, His 81 and Pro 83, were found to be conserved in natural isolates 
that have perhydrolase activity and are contemplated to be critical in forming the 

5 interface. In addition one other residue, Glu 5 1 , which is conserved in all but one of the 
natural isolates (and in that case it is a homologous enzyme) was identified. 

One additional feature of interest in that in the natural isolates showing 
perhydrolase activity, all share an insertion of residues 69-81. This region forms a loop 
that is at the dimer interface. Without this loop, it is believed that much of the dimer 

10 interface would be lost and it is likely that dimers and subsequent aggregation would not 
occur. Thus, there is a correlation of the insertion with the structural aggregation 
particularly dimer formations and the appearance of perhydrolase activity. However, it is 
not intended that the present invention be limited to any particular mechanisms. 
Key residues were found to be associated with desired activity in selected 

1 5 homologs. Indeed, there are several conserved residues that are contemplated to have 

importance for acyltransferase activity. These include Leu 6, Trp 14, Arg 27, Trp 34, Asp 
62, Leu74, Leu 78 His 81, Pro83, Met 90, Lys 97, and Leu 1 14. 

In additional analyses, the association of the perhydrolase with carbamate was 
investigated. The native octamer was determined in space group P4 with unit cell 

20 dimensions: 

a = 98.184 b= 98.184 and c= 230.1 19 a=90.00 p=90.00 y=90.00, this crystal diffracted 
to about 2.0 A. The carbamate-inhibited crystal grew in the space group PI with unit cell 
dimensions a=67.754, b=80.096, and c=85.974 a=104.10° , p=l 12.10°, andy=97.40° 
and these crystals diffract to a resolution exceeding 1.0 A. 
25 The carbamate was bound in a manner to exploit the interactions between the keto 

oxygen of the carbamate and residues forming the oxyanion hole, the amide N atoms of 
Ser 1 1 and Ala 55 and Asn 94 ND2. The hydrophobic side chain extends along the 
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hydrophobic surface of the binding site out into the surface opening between pairs of 
dimers in the octamer structure. The carbamate moiety direction highlights the pivotal 
role of the S54V mutation. The hydrophobic moiety passes adjacent to the side chain of 
ser 54. Mutating the serine side to valine increased the hydrophobicity, and also served 
5 as. a gatekeeper to prevent hydrophilic nucleophiles {e.g., water) for competing with 

desired deacylating nucleophiles. The residues surrounding the carbamate moiety on the 
same and neighboring molecules forming the extended entry are expected to influence the 
selection of the optimal de-acylating nucleophile. The structure showed that each 
monomer was inhibited with carbamate covalently attached. Thus, all octamer active 
10 sites were found to be active and functional. The side chain of carbamate resembles the 
leaving groups of the substrates tested. Thus, the carbamate moiety indicates the access 
direction for substrate. 

M smegmatis Perhydrolase is an SGNH-Hydrolase 

1 5 The perhydrolase of the present invention has certain components that indicate it 

is in the SGNH-hydrolase family of enzymes. This family is defined by having the four 
conserved amino acids SGN and H in four blocks, similar to the blocks that describe the 
lipolytic family of enzymes {See, Upton and Buckley, supra). In the case of the M. 
smegmatis perhydrolase, these correspond to SI 1, G52, N94 and HI 95 which correspond 

20 to Blocks I n, in and V according to Upton and Buckley (Upton and Buckley, supra) and 
Molgaard et al. (Molgaard et aL, supra). These amino acids are also conserved within the 
closest sequence homologs of the perhydrolase. 

As indicated herein, the sequences were aligned using the Alignment program in 
Vector NTi (Informax, Invitrogen) In the following alignment providing a comparison 

25 of homolog sequences, the double underline indicates the residues involved in the active 
site. AR: Agrobacterium rhizogenes Q9KWA6; RR: Rhizobium rhizogenes NF006; SM: 
Sinorhizobium meliloti RSM02162; MS: Mycobacterium smegmatis Act; MP: 
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Mycobacterium parafortuitum Phd partial sequence; PD: Prosthecobacter dejongeii 
RVM04532. The amino acids within the blocks defining the SGNH-hydrolase family are 
indicated in bold letters. 



5 Block I Block II 

GDS Q 

AR(1) MAESRSILCFGDSLTWGWIPVPESSP TliRYPFEQRWTGAMAAALGDGYS I IEEGLSARTTSVED - -PN 

RR ( 1 ) MAESRS ILCFGDS LTWGWI PVPESSP TLRYPFEQRWTGAMAAALGDGYSI IEEGLSARTTSVED-PN 

RM { 1 ) MTINSHSWRTLMVEKRS VLCFGDSLTWGWI PVKESS P TLRYPYEQRWTGAMAARLGDGYHI I EEGLSARTTS LDD— PN 

10 SM ( 1 > MVEKRS VLCFGDSLTWGW I PVKESS P TLRYPYEQRWTGAMAARLGDGYHI IEEGLSARTTSLDD— PN 

MS(1) MAKRI LCFGDSLTWGWVP VEDGAP TERPAPDVRWTGVIAQQLGADPEVIEEGLSARTTNIDD-PT 

MP GTRRILSFGDS LTWGWI PVE EG VP TERFPRDVRWTGVIJmLLGDRYEVIEEGLSARTTTAED- PA 

PD(1) MKTILCFGDSNTWGYDPASMTAPFPRIUiGPEVRWTGVLAKALGAGF^ - PL 

15 Block III 

GxND 



AR{67) DPRLNGSAYLPMALASHLPLDLVIILLGTNDTKi3YFRRTPYEIAN^ 

RR ( 67 ) DPRLNGSAYLPMALASHLPLDLVI I LLGTNDTKS YFRRTPYE IANGMGKLAGQVLTSAGGIGTPY PAPKLL I VS PPPLAP 
RM(78) DARLNOSTYLPMALASHI/PIiDLVIIMLGTNDTKSYP 

MS (65) DPRLNGASYLPSCLATHLPLDLVIIMIX3TNDTKAYFRRTPLDIA^ 
MP ( 6 5 > DPRLNGSQYLPSCLASHIiPLDLVILMLGTNin'KANFGRTPFDIATO 
PD ( 65 ) NICRKGKDYLPACLESHXPLDLVILMLGTNDLKSTFNW^^ 

25 Block V 

DGIHF 

AR(147) MPDPWFEGMFGGGYEKSLELAXQYKAIiANFLKVDFLDAGEFVKTIX*^ ID NO: 14) 

RR(147) MPDPWFEGMFGGGYEKSLELAKQYKALANFLKVDFLDAGEFVKTDGCp^ ( SEQ ID NO: 15) 



RMU58) MPDPWFEGMFGGG YE KSKE L SGL YKALADFMKVEF FAAGDCI STDGIgG Ij|L S AETNIRLGHAIADKVAALF (SEQ JD NO: 16) 

30 SM(147) MPDPWFBGMFGGGYEKSKELSGLYKALADFMKVEFFAAGDCISTDGID^^ (SEQ ID NO: 17) 

MS (145) MPHPWFQL I FEGGE QKTTELARVYS AIJVS FMKVPFFDAGS VT STDGVgG IJ^FTEANNRDLG VALAE Q VRS LL - - - (SEQ ID NO: 18) 

MP 145) LPHPWFDIiWSGGREKTAELARVYSAIJ^FMKVPFFDAGSVTSTDGVgGI --(SEQ ID NO: 19) 

PD (144) SAMPDLDAKI PHGAARSAEF PRHYKAQAVALKCE YFNSQEI VETS PVppiHLEASEHLKLGE ALAEKVKVLLG - - ( SEQ* ID NO : 2 0 ) 



35 The primers used to identify homologs for each of the Blocks indicated above are 

provided below: 



Block I (forward 5 -3) 

le: acggtcctgtgctttggngaytcnyt (SEQIDNO:21) 
40 If: acggtcctgtgctttggngayagyyt (SEQ ED NO:22) 
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lg: gcggtcctgttctwnggngaytcnyt (SEQIDNO:23) 

lh: gcggtcctgttctwnggngayagyyt (SEQIDNO:24) 

li: gctcgaaccgtcctctgttttggngaytcnyt (SEQIDNO:25) 

Ij: gctcgaaccgtcctctgttttggngayagyyt (SEQIDNO:26) 

lk: gctcgaaccgtcctctgtttnggngaytc (SEQ ID NO:27) 

11: gctcgaaccgtcctctgttttggngaytcnytn (SEQ IDNO:28) 

lm: gctcgaaccgtcctctgttttggngaytcnytg (SEQIDNO:29) 

1A: gccaagcgaattctgtgtttcggngaytcnyt (SEQIDNO:30) 

IB: gccaagcgaattctgtgtttcggngayagyyt (SEQIDNO:31) 



Block HI (reverse 5 r -3) 

3c: attccgcgcttcagrtcrttnvtncc (SEQIDNO:32) 

3d: attccgcgcttcagrtcrttnwgQcc (SEQ ID NO:33) 

3e: attccgcgcttcagrtcrttnscncc (SEQ ID NO:34) 

15 3f: attccgcgcttcagrtcrttnrancc (SEQ ID NO:35) 

3k: attccgcgcttcagrtcrttnrtncc (SEQ ID NO:36) 

31: attccgcgcttcagrtcrttnytncc (SEQ ID NO:37) 

3m: attccgcgcttcagrtcrttnsgncc (SEQ ID NO:38) 

3n: attccgcgcttcagrtcrttnwcncc (SEQ ID NO:39) 

20 3o: attccgcgcttcagrtcrttnyancc (SEQ ID NO:40) 

3p: attccgcgcttgrsrtcrttnrtncc (SEQ ID NO:41) 

3q: attccgcgcttgrsrtcrttnytncc (SEQ ID NO:42) . 

3r: attccgcgcttgrsrtcrttnsgncc (SEQ ID NO:43) 

3s: attccgcgcttgrsrtcrttnwcnnn (SEQ ID NO:44) 

25 3t: attccgcgcttgrsrtcrttnyancc (SEQ ID NO:45) 

3A: gcgccggaagtaggccttggtrtcrttnvtacc (SEQ ID NO:46) 

3B: gcgccggaagtaggccttggtrtcrttnwgncc (SEQ ID NO:47) 

3C: gcgccggaagtaggccttggtrtcrttnscncc (SEQ ID NO:48) 

3D: gcgccggaagtaggccttggtrtcrttnrancc (SEQ ID NO:49) 

30 

Block m (forward 5-3) 

3g: cggaattatcatgctgggnabnaayga (SEQ ID NO:50) 

3h: cggaattatcatgctgggncwnaayga (SEQ ID NO:51) 

3i: cggaattatcatgctgggngsnaayga (SEQ ID NO:52) 

35 3j : cggaattatcatgctgggntynaayga (SEQ ID NO:53) 

3u: ccggaattatcatgctnggnabnaayga (SEQ ID NO:54) 

3v: ccggaattatcatgctnggncwnaayga (SEQ ID NO:55) 

3w: ccggaattatcatgctnggngsnaayga (SEQ ID NO:56) 

3x: ccggaattatcatgctnggntynaayga (SEQ ID NO:57) 
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Block V (reverse 5'-3) 

5c: acccttagcgtttggrtgnrtnccrtc (SEQ ID NO:58) 

5d: atccttagcgtttggrtgnavnccrtc (SEQ ID NO:59) 

5 5e: aatcttagccgtgrrrtgnrtnccrtc (SEQ ID NO:60) 

5f: aatcttagccgtgrrrtgnrcnccrtc (SEQ ID NO:61) 

5g: aatcttagccgtgrrrtgntmccrtc (SEQ ID NO:62) 

5h: ccgctggtcctcatctggrtgnrtnccrtc (SEQ ID NO:63) 

5i: ccgctggtcctcatctggrtgnrcnccrtc (SEQ ID NO:64) 

10 5j : ccgctggtcctcatctggrtgntmccrtc (SEQ ID NO:65) 

5k: ccgctggtcctcatcraartgnrtncc (SEQ ID NO:66) 

5A: cgattgttcgcctcgtgtgaartgnrtoccrtc (SEQ ID NO:67) 

5B: cgattgttcgcctcgtgtgaartgnrcnccrtc (SEQ ED NO:68) 

5C: cgattgttcgcctcgtgtgaartgntrnccrtc (SEQ ID NO:69) 



As described in greater detail herein, the sequence and structure results are 
supported by the activity data that indicate the perhydrolase enzymes of the present 
20 invention differ from lipolytic enzymes known in the art. 

Identification of Homologs 

As well known in the art, proteins with a desired activity may be identified in 
several ways, including but not limited to: 1) searching available databases for proteins 
25 with sequence homology (30-100%); 2) screening environmental isolates for the desired 
activity; and 3) examining type strains from ATCC of the genus identified to have 
activities (e.g., Mycobacterium and Corynebacterium, as described herein in particular 
embodiments). 

By doing a standard protein-protein BLAST search, several homologs were 
30 identified from fully or partially sequenced genomes. From the known gene sequence, 
several homologs were amplified by PCR from the chromosome of the parent organism 
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and cloned into a pET expression vector, essentially as described for the cloning of phd 
from M. smegmatis into pET16b. Homologues identified by this BLAST search 
included: Agrobacterium rhizogenes Q9KWA6, A. rhizogenes Q9KWB1 A. tumefaciens 
Q8UFG4, A. tumefaciens Q8UAC0 (now AgrL, identical to 7-ACA arylesterase), A. 
5 tumefaciens Q9ZI09, A. tumefaciens (radiobacter)ACA, Prosthecobacter. dejongeii 

RVM04532 , Rhizobium. loti Q98MY5 , R. meliloti Q92XZ1, R. meliloti Q9EV56, R. 
rhizogenes NF006, R. rhizogenes NF00602875, R. solanacerarum Q8XQI0, 
Sinorhizobium meliloti RSM02162, S. meliloti RSM05666, Mesorhizobium loti 
RMLO00301,A rhizogenes Q9KWA6, and A. rhizogenes Q9KWB1. 

10 Based on these results, a homology tree of proteins with sequence homology (20- 

80%) to M. smegmatis perhydrolase was generated. As shown in Figure 2, an enzyme in 
the family of lipolytic enzymes described by Upton and Buckley {supra) is that of K 
mimicus. This phylogenetic tree was generated using the alignment program in Vector 
NTi (Informax, Invitrogen). The green arrow indicates M smegmatis perhydrolase, the 

15 red arrow indicates A. radiobacter 7-ACA arylesterase, the blue arrow indicates E. coli 
TAP, and the black arrow indicates A. aculeatus RGAE. 

As further indicated in Figure 2, the perhydrolase is not closely related to this 
enzyme. The perhydrolase and its closest relatives, Prosthecobacter dejongeii 
RVM04532, R. rhizogenes NF006, A, rhizogenes Q9KWA6, R. meliloti Q92XZ1, S. 

20 meliloti RSM02162, A. rhizogenes Q9KWB1 and R rhizogenes NF00602875 come off 
their own branch (i.e., a branch that is different from the 7-ACA arylesterase-like proteins 
and the RGAE/TAP-like proteins). However, it is contemplated that some additional, 
more distantly related homologs will find use in the present invention due to perhydrolase 
activity or will serve as a suitable backbone for modification to the desired perhydrolase 

25 activity. 

In addition to the sequence and homology analysis, environmental isolates were 
grown on a rich medium (N-MISO: g/1: glucose 10 g, yeast extract 10 g, KNO3 1.5, 
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KH2PO4 3.4 g, NaH2PO 4 .H20 3.4 g, Salt Solution C 10 ml [Salt Solution C: g/1: 
MgS0 4 7H 2 0 25, FeS0 4 7H 2 0 2.8, M11SO4H2O 1.7, NaCl 0.6, NaMoS0 4 .2H 2 0, 
ZnS0 4 .7H 2 0 0.06, in 0.1N HC1]), assayed and those positive for the transesterification 
reaction were purified as described in the Examples. This is one of the screening 
5 methods that can be used to identify perhydrolase These data show that the present 

invention finds use in identification of additional enzymes with the desired perhydrolase 
activity. 



10 Additional Investigations of Homologues 

In addition to the above analyses, an enzyme library of novel "GDSL-type" 
esterases which are homologous to the prototype M. smegmatis perhydrolase was created. 
In order to identify new "GDSL"-type esterases, a sequence homology based screening 
procedure was established and used to screen libraries set up from complex metagenomic 
15 DNA (at BRAIN). 

An enzyme library comprising 19 "GDSL"-type esterases (See, below) was 
developed. The sequences in this library were: 

S248_M2bBll (DNA) 

20 ATGTTCGCGCTTTGCACGGCCGCGTCAGCGGCCCCCGATCGCACCGTCGTCTT 
TTTTGGGGACAGCCTGACCGCGGGGTACGGCCTCGATGACCCGCAGACCCAG 
TCCTACCCGGCCAGGATCCAGGAGAAGGTCGACGCCGCGGGCCTGCGCTGGA 
AGGTCGTGAATGCCGGCCTCTCGGGCGAGACGAGCGCCGGCGGCCTGCGGCG 
GGTCGACTGGGTGCTCGGCCAGCACATCGACGCCTTTGTCCTGGCGCTTGGCG 

25 CCAACGATGGCCTGCGGGGGATCGACCCCCAGGTCACGAGGGCCAATCTCCA 
GGAGATCATCAACCGGGTCCGCTCCCGGTGGCCCCGCGCGGCGATCGTCATC 
GCCGGGATGAAAATGCCCCAGAGCATGGGACAGGACTACGCCGCGAATTTTG 
ACCGGATCTTCCCCGGTCTCGCCGCGAGGAATTCGGCCACGCTCATCCCCTTT 
CTATTAGAAGGGGTCGCCGCCCATCCTAGCCTCAACCAAGGCGACGGCATCC 

30 ACCCGACGGCCGCCGGGGACGCACTCGTTGCAGGGACCGTGTGGACGTACCT 
GCTTCCGATCCTGCGGTCAGCACACTAA (SEQ ID NO:70) 
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S248_M2bBll (Amino Acid) 

MFALCTAASAAPDRTVVFFGDSLTAGYGLDDPQTQSYPARIQEKVDAAGLRWK 
VVNAGLSGETSAGGLRRVDWVLGQHIDAFVLALGANDGLRGIDPQVTRANLQEn 
NRVRSRWPRAAIVIAGMKMP Q SMGQD Y AANFDRIFP GLAARNS ATLIPFLLEG V 
AAHPSLNQGDGIHPTAAGDALVAGTVWTYLLPILRSAH (SEQ ID NO:71) 



S248_M40cD4 (DNA) 

ATGCGCITTGCTAAGCTCACTGCCGTCATCTTTGCCCTGATAGTCTTGCACAG 

CCCCCTTGCCGCCGCCGCGCCGCCCACCGTGATGGTGTTTGGCGACAGTCTGA 

CCGCCGGGTTGGGATTGCCGGCCGATGCTGCATTTCCGGCGCAGCTCCAGGC 

AAAGCTGCACGATATGGGTATCCTGCAGAAATCGCCGCGCGCGCCACCTCGG 

GGCAAACGACGGCCGGCGGGTTGGCGAGCCTTGCGGATGCGCTGGCCGCAA 

AGCCGGATTTGGTGATCCTCGAACTCGGCGCCAATGACATGCTGCGCGCGGT 

CGATCCGGCCAGCGTGCGCGCCAATCTCGATGCAATGATGACGAAAATCCAG 

GCGAGCGGCGCTAAACTGCTGCTGACCGGAATGCAGGCGGCGCCCAATTGGG 

GCGAGGACTATAAGCACGATTTCGACCGCCTTTATCCCGAGCTTGCGAAGGC 

GCACGGGGTGACGCTTTATCCATTCTTTCTTGATGGGGTGGCGCTGGACCCGG 

CGCTGAACCAGGCGGATGGAATGCACCCGAACGCCAAGGGGGTCGCCGTGA 

TCGTCGACCGTATCGCGCCCGTCGTCGCCAAGATGCTGAGAGGCCAGTCATA 

A (SEQIDNO:72) 

S248_M40cD4 (Amino Acid) 

MRFAKLTAVIFALIVLHSPLAAAAPPTVMVFGDSLTAGLGLPADAAFPAQLQAKL 
HDMGIPAEIAARATSGQTTAGGLASLADALAAKPDLVILELGANDMLRAVDPAS 
VRANLDAMMTKIQASGAKLLLTGMQAAPNWGEDYKHDFDRLYPELAKAHGVT 
LYPFFLDGVALDPALNQADGMHPNAKGVAVIVDRIAPWAKMLRGQS (SEQ ID 
NO:73) 



S248_M44aA5 (DNA) 

ATGATCGCATGGCTTACCGGATGCGGCAGCGCAAAGACGCAACCGCAGCCCG 

CAAGTTCCATCCCGCCATCCAGTATTCCAGCAACCGCAAAACCTGCGACAAC 

GGATATCAGACCGATCATCGTTGCTTTCGGCGACAGCCTGACTGCAGGATAC 

GGCGTCAGTAGTGAACAAAGCTATCCGGCCAATCTTCAACGCGATCTGGATG 

CGCGTGGATATCATGCCCACGTCATCAACGAAGGCATCAGCGGCAACACATC 

GAAAGACGGCGTTCTCAGGGCCCAGGCGATTGCGGCACTCCATCCGGCTGTC 

GTCATCGTTGCCTTCGGCGGCAACGACGGTCTGCGTGGCCTCCCCATCGGAG 

ACACGGAAATGAATCTGGCAACGATCATCTCAACCATGCAGCATGCCCATGC 

CAAGGTAATTTTAGGCGGAATTACTTTGCCTCCCAACTATGGCAGCGAATAC 
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ATCGCCAAATTCAATGCGATCTATAAAAAGCAGGCAGCCGCGTATCATGTGC 
CCCTGCTGCCCTTCATGCTGAAGGGGGTGTATGGCGTGCCCGGTTCCATGCAG 
AGCGACGGCATCCATCCGACCGCCAAGGGCTGCCAGCAAGTGGCCAGAAACT 
TCCTGCCCTTGTTATTGCCGCTCCTGCACAAATCAGGGAAGAAATCCATGGAG 
TCGAAAGCATTGTCTCGACGTCATTAA (SEQ ID NO:74) 



S248_M44aA5 (Amino Acid) 

MIAWLTGCGSAKTQPQPASSIPPSSIPATAKPATTDIRPIIVAFGDSLTAGYGVSSEQ 
SWANLQRDLDARGYHAHVINEGISGNTSKI)GVLRAQAIAALHPAVVIVAFGGN 
DGLRGIPIGDTEMNIATnSTMQHAHAKVimGITLPPNYGSEYIAKI^AIYKKQA 
AAYHVPLLPFMLKGVYGVPGSMQSDGIHPTAKGCQQVARNFLPLLLPLLHKSGK 

KSMESKALSRRH (SEQID NO:75) 



S261_M2aA12 (DNA) ; 

ATGAAAAACATCCTTGCATTTGGCGACAGTCTGACCTGGGGTTTTGTGGCCGG 

ACAGGATGCGCGCCATCCGTTTGAAACCCGCTGGCCAAACGCATTGGCGGCC 

GGCCTTGGGGGCAAAGCCCGCGTAATTGAAGAGGGTCAGAACGGCCGCACT 

ACGGTGTTCGACGATGCCGCCACCTTCGAATCTCGAAATGGCTCGGTGGCATT 

GCCGCTGCTACTGATCAGCCACCAGCCGTTGGACCTGGTAATCATCATGCTCG 

GCACCAATGACATCAAGTTTGCCGCCCGCTGCCGCGCCTTTGATGCTTCAATG 

GGCATGGAACGGCTGATCCAGATCGTCAGAAGTGCCAACTACATGAAGGGCT 

ACAAGATACCTGAAATCCTCATCATATCGCCGCCCAGCCTCGTGCCGACGCA 

GGATGAATGGTTCAACGACCTCTGGGGCCATGCCATCGCCGAGTCAAAACTC 

TTCGCCAAGCACTACAAGCGCGTGGCCGAAGAACTGAAAGTGCATTTCTTTG 

ATGCAGGCACGGTGGCCGTCGCCGACAAGACCGACGGCGGACATCTCGATGC 

TGTGAATACTAAAGCCATTGGCGTCGCATTGGTGCCGGTGGTGAAATCAATA 

CTCGCTCTCTAA (SEQIDNO:76) 



S261_M2aA12 (Amino Acid) 

MKNILAFGDSLTWGFVAGQDARHPFETRWPNALAAGLGGKARVffiEGQNGRTT 
WDDAATFESRNGSVALPLLLISHQPLDLVIIMLGTNDIKFAARCRAFDASMGMER 
LIQrVRSANYMKGYKIPEILIISPPSLVPTQDEWT^LWGHAIAESKLFAKHYKRVA 
EELKVHFFDAGTVAVADKTDGGHLDAVNTKAIGVALVPWKSILAL (SEQ ID 

NO:77) 
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S279_M70aE8 (DNA) 

ATGCCGAAAATAGCCAAACTCGCGCCGTCGGATGTGATCGTAGCTTTCGGCG 

ACAGTCTGACGTTCGGCACCGGCGCAACGGAAGCGGAGAGTTATCCCATCGT 

GCTCGCACAATTGATCGGTCGCACCGTGGTGCGCGCGGGTGTGCCGGGTGAG 

GTAACCGAAGGCGGGCTTGCGCGCCTGACCGACGTTATCGAAGAACACAAGC 

CGAAGCTGATTATTGTTTGCCTGGGCGGCAACGACATGCTGCGCAAGGTCCA 

GGAAGACCAGACCCGCGCCAATTTGCGCGCCATTATTAAAACCATCAAGGCG 

CAAGGCATCGCCGTGGTACTGGTCGGTGTGCCGAAGCCCGCGCTGGTGACCA 

GTGCGCCGCCGTTCTACGAGGAGATCGCCAAAGAGTTCGGTATCCCTTACGA 

AGGCAAGATTGTTACCGACGTGTTGTACCAACGCGATCAGAAATCCGATTCC 

ATACATCCCAATGCCAAAGGCTATCGGCGCATGGCCGAAGCGATAGCCACGC 

TGCTGAAAAAATCCGGAGCCATTTAA (SEQ ID NO:78) 



S279:M70aE8 (Amino Acid) 

MPKIAKLAPSDVIVAFGDSLTFGTGATEAESYPIVLAQLIGRTVVRAGVPGEVTEG 
GIARLTDVIEEHKPKXnVCLGGlTOMLRK^ 

GWKPALWSAPPFYEEIAKEFGIPYEGKIWDVLYQRDQKSDSIHPNAKGYRRMA 
EAIATLLKKSGAI (SEQIDNO:79) 



S279_M75bA2 (DNA) 

ATGGAACGGACCGGCCGCGCTGGCGATCGGTGTCGGCGTGGGGCTGGCGAGC 

CTGAGCCCGGTCGCGCTGGCGACGCCGCCGCGGGGCACCGTGCCGGTGTTCA 

CCCGATCGGGGACAGCCTGACGGACGAGTATTTTGAGCCGTTCTTCCAGTGG 

GGGTTCTGCGGGAAGTCGTGGGCCGAGATTTTGGTGGAGACGGGGCGGGCGA 

GCATGGGCCCGACGGCGCAGCAGGCGGGGATCAGCGAGCCGGAGGGATGGT 

CGGATCCGCGGAACACGGGGTATCAGCACAACTGGGCGCGGTACTCGTGGAG 

CTCCTCAGACGCGCTGACCGAGGAGTCGCCGGGGGCGACGCTGAGCGTGCTG 

CTTGGGGCGGAGTACGCGGTGGTGTTCATTGGGACCAACGACTTCAATCCGT 

CGTGGCCGGCGTATCAGAGCGTGTATCTGAGCCAGTGGAGCGACGAGCAGAT 

CGACACGTACGTGAACGGGGTGGTGCAGAACATCGCGCAGATGGTGGACTCG 

CTGAAGTCGGTCGGGGCGAAGGTGGTGCTTGCGCCGCCGGTGGATTTTCAGT 

TCGCGGGGTTCCTGCGGAACTCATGCCCGGATCCGATGCTGCGCGAGCAGGC 

GGGTATTCTGACACGGAAGTGCCACGACCGGGTGCGGTCGATGGCGCGGCAG 

AAGCACGTGGTGTTCGTGGACATGTGGCGGCTGAACCGCGATTTGTTCGGCA 

ACGGGTTCGCGATCAGCTACGGCCTTCGGAACACGGTGCGCGTGGGGGACTC 

GGAGATCGGGCTGCAACTGGCCGGGCTGACGGGATCGGCGGGGCTGGTTCCG 

GACGGGATCCATCCGCAGCGGGTGGTGCAGGGGATCTGGGCGAATGCGTTCA 
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TCGTGGGTCTGAACGCGCATGGGGCGAACATCGCGCCCATCGGCGAGGCGGA 

GATGTGCGCGATGGGGGGGGTCGTGTACGGGGGAACGGACACGCTGGCGAA 

CTTCCTGCCGCCGGTCGCGGGCTACGTGGAGGACTTCCGCAACGCGGGGGAC 

TTCGTGTGCACGGCGGACTTCAACCATGACCTTGGCGTGACGCCGACGGACA 

TCTTCGCGTTCATCAACGCGTGGTTCATGAATGATCCCTCGGCGCGGATGAGC 

AACCCGGAGCACACGCAGATCGAGGACATCTTCGTGTTTCTGAATCTGTGGC 

TGGTGGGGTGCTAA (SEQIDNO:80) 



S279_M75bA2 (Amino Acid) 

MERTGRAGDRCRRGAGEPEPGRAGDAAAGHRAGVHPIGDSLTDEYFEPFFQWG 

FCGKSWAEILVETGRASMGPTAQQAGISEPEGWSDPRNTGYQHNWARYSWSSS 

DALTEESPGATLSVLLGAEYAWFIGTNDFNPSWPAYQSVYLSQWSDEQIDTYVN 

GWQNIAQM\^SLKSVGAKVVIAPPVDFQFAGFLRNSCPDPMIJREQAGILTRKC 

HDRWSMARQKirV^VDMWRLNRDLFGNGFAISYGLRNTVRVGDSEIGLQLAG 

LTGSAGLVPDGIHPQRWQGIWANAFrVGLNAHGANIAPIGEAEMCAMGGVVYG 

GTDTLANFLPPVAGYVEDFRNAGDFVCTADFNHDLGVTPTDIFAFINAWFMNDP 

SARMSNPEHTQIEDIFVFLNLWLVGC (SEQIDNO:81) 



M091_M4aEll (DNA) 

ATGAAGACCATTCTCGCCTATGGCGACAGCCTGACCTATGGGGCCAACCCGA 

TCCCGGGCGGGCCGCGGCATGCCTATGAGGATCGCTGGCCCACGGCGCTGGA 

GCAGGGGCTGGGCGGCAAGGCGCGGGTGATTGCCGAGGGGCTGGGTGGTCG 

CACCACGGTGCATGACGACTGGTTTGCGAATGCGGACAGGAACGGTGCGCGG 

GTGCTGCCGACGCTGCTCGAGAGCCATTCGCCGCTCGACCTGATCGTCATCAT 

GCTCGGCACCAACGACATCAAGCCGCATCACGGGCGGACGGCCGGCGAGGC 

CGGGCGGGGCATGGCGCGGCTGGTGCAGATCATCCGCGGGCACTATGCCGGC 

CGCATGCAGGACGAGCCGCAGATCATCCTCGTGTCGCCGCCGCCGATCATCC 

TCGGCGACTGGGCGGACATGATGGACCATTTCGGCCCGCACGAAGCGATCGC 

CACCTCGGTGGATTTCGCTCGCGAGTACAAGAAGCGGGCCGACGAGCAGAAG 

GTGCATTTCTTCGACGCCGGCACGGTGGCGACGACCAGCAAGGCCGATGGCA 

TCCACCTCGACCCGGCCAATACGCGCGCCATCGGGGCAGGGCTGGTGCCGGT 

GGTGAAGCAGGTGCTCGGCCTGTAA (SEQIDNO:82) 



M091_M4aEll (Amino Acid) 

MKTILAYGDSLTYGANPIPGGPRHAYEDRWPTALEQGLGGKARVIAEGLGGRTT 
VHDDWFANADPJvfGARVLPTLLESHSPLDLIVIMLGTNDIKPHHGRTAGEAGRGM 
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ARLVQIIRGHYAGRMQDEPQIILVSPPPIILGDWADMMDHFGPHEAIATSVDFARE 

YKKRADEQKVHFFDAGTVATTSKADGIHLDPANTRAIGAGLVPLVKQVLGL 

(SEQDDNO:83) 

5 

Estl05 (DNA) 

ATGCGCACGCTTCACCGAAGCCTGCTCGCAAGCGCGGCCGCGCTTTTTCTAGC 
GGCATCCGGCAACGCAACGGCGCAGTTCTCGAACGTCTATTTCTTCGGCGAC 

10 AGCCTGACCGACGCGGGTTCCTTCAAGCCTGTGCTGCCTCCTGGTACAGGATT 
ATTCACGACGAATCCCGGCCCGGTATGGCCGCAGGTATTCGGGGCGAACTAC 
GGCGTCGCGGTGACGCCCGCAAACCAGGGTGGGACCGATTATGCGCAGGGTG 
GCGCGCGCGTGACGAGCCTGCCTGGCGTTCCGACGTCGCAGCCGACCGGCAG 
CGCGGTACCGATCGCTACGCAGATTTCGCAGTTCCTCGGCTCGGGTCCGGCG 

15 GATCCGAACGCATTCTATTCGGTGTGGGGCGGCGCGAACGACATCTTTTTCCA 
GCTGGGGTTGGCGCAGGCGGGCATGGCGACGCCGGCGCAGGTCCAGTCGGCC 
GTCGGCTTGGCCGCGGTCCAGCTGGCGCAGGCAACTGCGGCGCTCAACGCCA 
GCGGCGCGCGATTCATCACGGTTATCAACGTGCCGGACATCGGTAAAACGCC 
GTTCGGCGTCGGCTCCGGTCAAGGAGCGCAGATCACCGCTCTGTCGTCTTTCT 

20 TCAACAGCACGCTGTTCGGCGCGCTCGACGCCACGGGCATCCAGACGATGCG 
CGTGAACGGGTTCGCGGTGCTGAACGAGGTGGTCGCGGACCCGGCGGCTTAT 
GGCTTCGCGAATGCATCAACGCCAGCGTGCGGGGCCACGCCATCGCTCGTCT 
GCACGTCGGCGAACTTCGTCACGCCCTTGGCCGCGCAGACCTTCCTCTTCGCA 
GACGGCGTTCACCCCACCACGGCCGGGCACGCCCTCATCGCCCAAGCGGTCC 

25 AGGCGATGATCACCGGTCCCCAACAGATGGCGGCGTTGGGCGACGCCCCGCT 
CGCCGTCGAGCAGGCCAACTTCCGCGCGCTCGACAACCGCATGTGGTCGAGC 
CTCAATGCGCCGCGCAGCCCGGGCAAGCTCCAGGGTTGGGCGGCCTACGACT 
ACAGCCACACGGACCTGCAGGCGGGACCGACCAATGGCAGCGGACACATGA 
ACACCGTTGCGGTCGGGGTCGACATGAAAGTCTCCGATCATATGCTCGCCGG 

30 CGCGATGTTCGGCTATACCAACACCAAGGGCGACTTCGGCGGCCCCGGCGGC 
GGATACACACTGAAGCAGCCTGTGGGCACTGCCTATGCGGGTTACGGCGTGG 
GCCCTTGGTATGTCGGCGCGACGCTCGGCACAGGTGGCCTCGACTACTCGGA 
CGTCACGCGCGCCATCCCGCTTGGCTTGGCGGTTCGCACCGAGAGCGCCGAG 
GCCCGAGGCTACGAGTTCACGGGCCGGATCCTCGGCGGCTACTGGTTCACGA 

35 TGCGCGACCTGATGCACGGGCCGTACGCGCGTCTCGCGTGGACGAAGGCCGT 
CGTCAAGCGGTTTTCCGAGGAGAGCACCGACAGCACGGCGTTGAACTACGAC 
AGGCAGGAGCGCAAGCAACTGCTGTGGAGCCTCGGATGGCAACTCGCCGGC 
AACGTCGGCAGCATCCGTCCCTACGCGCGGGCGACCTGGGAGATCGACTCCA 
AGGATCAGGACCGCAGCGTTGGCGCATCGTCGGTCACGCTGGGCGGCTTTTA 

40 CAGTGTTCCGGTCGCGAAGCCGGACAATAGCTATGCGCTCTTCAGCCTCGGC 
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GCGAGTACCGAGCTCGGGAGCGTCACCGGGTTTGTCGCGGGCTCGGCCACCG 
CAGGCCGGGCGGATGCCAACTATTGGGCGGTCACGGTCGGCCTGCGGATGCC 
GTTGTAG (SEQIDNO:84) 

5 

Estl05 (Amino Acid) 

MRTLHRSLLASAAALFLAASGNATAQFSNVYFFGDSLTDAGSFKPVLPPGTGLFT 

TNPGPVWPQWGANYGVAVTPANQGGTDYAQGGARVTSLPGVPTSQPTGSAVPI 

ATQISQFLGSGPADPNAFYSVWGGANDIFFQLGLAQAGMATPAQVQSAVGLAAV 

10 QIAQATAALNASGARFrrVINVPDIGKTPFGVGSGQGAQITALSSFFNSTLFGALD 
ATGIQTMRVNGFAVLNEWADPAAYGFANASTPACGATPSLVCTSANFVTPLAA 
QTFLFADGVHPTTAGHALIAQAVQAMITGPQQMAALGDAPLAVEQANFRALDN 
RMWSSLNAPRSPGKLQGWAAYDYSHTDLQAGPTNGSGHMNTVAVGVDMKVS 
DHMLAGAMFGYTNTKGDFGGPGGGYTLKQPVGTAYAGYGVGPWYVGATLGT 

15 GGLDYSDVTRAIPLGLAVRTESAEARGYEFTGRILGGYWFTMRDLMHGPYARLA 
WTKAVVKRFSEESTDSTALNYDRQERKQLLWSLGWQLAGNVGSIRPYARATWE 
EDSKDQDRSVGASSVTLGGFYSVPVAKPDNSYALFSLGASTELGSVTGFVAGSAT 
AGRADANYWAVTVGLRMPL (SEQIDNO:85) 

20 

Estll4 (DNA) 

ATGGGGCGATCGAGAGTTCTGAAGGCTGTTTTCCTGGTGGCGTGCCTTGTGGG 
TCGGCTCGCGGCGCATGCCGAGGCGTCGCCCATCGTGGTCTACGGCGATAGC 

25 CTCTCTGACAACGGCAATCTGTTTGCGCTCACCGGCGGTGTCGCGCCGCCCTC 
GCCGCCGTACTTCAACGGACGGTTTTCTAATGGCCCGGTGGCCGTGGAGTATC 
TCGCGGCCGCGCTGGGATCTCCGCTGATCGATTTCGCGGTCGGCGGGGCGAC 
GACCGGCCTCGGCGTCAACGGCGATCCCGGTGGTTCGCCGACGAGTCTCGGC 
GCGGCGGGATTGCCGGGGCTTCAGACGACATTCGCCGCCACGCAAGGCACGC 

30 TGGGTCCGTACGTTGGTGGTCTCTTCGTGGTGTGGGCGGGTCCGAACGACTTC 
TTGTCGCCCTCGCCGCTTGACACGAACGCTTTTCAGATTGCGAACCGGGCCGT 
GTCCAACATCCTCGGCGTGGTGGCATCACTTCAGGCACTCGGCGTCGAGCGC 
ATCCTCGTCCCCGGCATGCCCGATCTCGGTCTGACGCCCGCTCTTCAGCCCAT 
CGCAGGCGCAGCCACCGCGTTCACCGATTTGTTCAACTCGATGCTGCGCGCG 

35 GGCTTGCCGAACGACGTGCTGTACCTGGACACGGCGACAATCTTCCGATCGA 
TCGTGGCAGACCCTGGGGCCTACGGCTTGACCAACGTGACCACGCCGTGCCT 
GATTGGTGCGACCGTCTGCGCGAATCCGGATCAGTACCTGTTCTGGGATGGT 
ATTCATCCTACGACGGCGGGGCACGCGATCTTGGGCAATGCCCTCGTCGCCC 
AGGCAGTCCCCGAGCCCGCGACCATGGTGCTCGTGCTGACGGGTCTGTCCAT 

40 GCACGTGATTGCGCGCCGGCGGCGGGCGTAA (SEQIDNO:86) 
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Estll4 (Amino Acid) 

MGRSRVLKAVFLVACLVGRLAAHAEASPIVVYGDSLSDNGNLFALTGGVAPPSP 

PYFNGRFSNGPVAVEYLAAALGSPLIDFAVGGATTGLGVNGDPGGSPTSLGAAGL 

PGLQTTFAATQGTLGPYVGGLFVVWAGPNDFLSPSPLDTNAFQIANRAVSNILGV 

VASLQALGVERILVPGMPDLGLTPALQPIAGAATAFTDLFNSMLRAGLPNDVLYL 

DTATIFRSrVADPGAYGLTbTVTTPCLIGATVCANPDQYLFWDGIHPTTAGHAILGN 

ALVAQAVPEPATMVLVLTGLSMHVIARRRRA (SEQ ID NO:87) 



Sinorhizobium meliloti Smel (SMal993) (DNA) 

ATGACAATCAACAGCCATTCATGGAGGACGTTAATGGTGGAAAAGCGCTCAG 

TACTGTGCTTTGGGGATTCGCTGACATGGGGCTGGATTCCGGTGAAGGGATC 

CTCACCGACCTTGCGCTATCCCTATGAACAACGGTGGACCGGCGCAATGGCC 

GCGAGGCTTGGCGACGGTTACCACATCATCGAAGAGGGGCTGAGCGCCCGCA 

CCACCAGCCTCGACGACCCCAACGACGCGCGGCTCAACGGCAGCACCTACCT 

GCCCATGGCACTCGCCAGCCACCTCCCACTCGACCTCGTCATCATCATGCTGG 

GCACGAACGACACGAAATCCTATTTCCACCGCACGCCTTACGAGATCGCCAA 

CGGCATGGGCAAGCTAGTCGGCCAGGTGCTGACCTGCGCCGGTGGCGTCGGC 

ACGCCATATCCCGCGCCGAAGGTGCTTGTCGTCGCTCCGCCGCCGCTCGCGCC 

GATGCCCGACCCGTGGTTCGAAGGCATGTTCGGCGGCGGCTACGAGAAGTCG 

AAGGAACTCTCCGGCCTCTACAAGGCGCTTGCCGATTTCATGAAGGTCGAGT 

TTTTCGCCGCCGGTGATTGCATTTCCACCGATGGGATCGACGGCATTCACCTC 

TCGGCGGAAACCAACATCAGACTCGGGCACGCGATGGCGGACAAAGTTGCG 

. GCGTTGTTC (SEQIDNO:88) 



Sinorhizobium meliloti Smel (SMal993) (Amino Acid) 

MTINSHSWRTLMVEKRSVLCFGDSLTWGWIPVKGSSPTLRYPyEQRWTGAiMAA 
RLGDGYHIIEEGLSARTTSLDDPNDARLNGSTYLPMALASHLPLDLVIIMLGTNDT 
KSYFHRTPYEIANGMGKLVGQVLTCAGGVGTPYPAPKVLVVAPPPLAPMPDPWF 
EGMFGGGYEKSKELSGLYKALADFMKVEFFAAGDCISTDGIDGIHLSAETNIRLG 
HAIADKVAALF (SEQ ID NO:89) 



Sinorhizobium meliloti Smell (Q92XZ1) (DNA) 

ATGGAGGAGACAGTGGCACGGACCGTTCTATGCTTCGGAGATTCCAACACTC 

ACGGCCAGGTACCTGGCCGCGGACCGCTTGATCGCTACCGACGCGAACAGCG 

CTGGGGCGGTGTTCTGCAAGGCCTGCTCGGCCCGAACTGGCAGGTTATCGAA 

GAAGGCCTGAGCGGACGCACGACCGTGCATGACGATCCGATCGAAGGTTCGC 

TCAAGAACGGCCGGACCTATCTGCGCCCCTGTCTGCAGAGCCATGCACCACT 
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CGACCTTATCATCATTATGCTCGGCACCAATGACCTGAAGCGGCGCTTCAACA 
TGCCACCGTCCGAGGTCGCAATGGGCATCGGCTGTCTCGTGCACGATATCCG 
AGAACTCTCGCCCGGCCGGACCGGCAACGATCCCGAAATCATGATCGTCGCC 
CCGCCGCCGATGCTGGAAGATCTCAAGGAATGGGAGTCGATTTTCTCAGGCG 
5 CACAGGAAAAATCTCGCAAGCTGGCGCTGGAGTTCGAGATAATGGCGGATTC 
TCTGGAGGCGCATTTCTTCGACGCCGGTACGGTCTGCCAGTGTTCGCCGGCCG 
ATGGCTTCCACATCGACGAGGATGCCCACCGCCTGCTCGGCGAGGCTCTCGC 
CCAGGAAGTGCTGGCGATCGGGTGGCCCGATGCGTAA (SEQ ID NO:90) 

10 Sinorhizobium meliloti Smell (Q92XZ1) (Amino Acid) 

MEETVARTVLCFGDSNTHGQVPGRGPLDRYRREQRWGGVLQGLLGPNWQVffiE 
GLSGRTTVHDDPffiGSLKNGRTYLRPCLQSHAPLDL^ 

VAMGIGCLVHDIRELSPGRTGNDPEIMIVAPPPMLEDLKEWESIFSGAQEKSRKLA 
LEFEIMADSLEAHFFDAGWCQCSPADGFHTOEDAHPO.LGEAl^QEVLAIGWPDA 
15 (SEQIDNO:91) 



Sinorhizobium meliloti SmeDI (Q9EV56) (DNA) 

20 ATGAAGACAGTCCTTTGCTACGGTGACAGTCTGACCTGGGGATACGATGCAA 
CCGGTTCCGGCCGGCATGCGCTGGAGGACCGTTGGCCGAGCGTGCTGCAGAA 
GGCGCTCGGTTCGGACGCGCATGTCATCGCCGAAGGGCTGAACGGGCGGACG 
ACCGCCTATGACGACCATCTCGCCGATTGCGACCGGAACGGCGCGCGTGTCC 
TCCCGACGGTCCTGCACACCCACGCGCCACTCGATCTCATCGTGTTCATGCTC 

25 GGCTCGAACGACATGAAGCCGATCATTCACGGCACCGCTTTCGGCGCGGTGA 
AGGGCATCGAGCGCCTCGTCAATCTGGTGCGCAGGCACGACTGGCCGACGGA 
AACGGAGGAGGGGCCCGAGATTCTCATCGTCTCGCCGCCGCCGCTCTGCGAG 
ACGGCCAACAGCGCCTTTGCCGCCATGTTCGCGGGCGGGGTCGAGCAATCCG 
CAATGCTGGCGCCGCTTTATCGCGATCTCGCCGACGAGCTCGACTGCGGCTTC 

30 TTCGACGGCGGATCGGTGGCCAGGACGACGCCGATCGACGGTGTCCACCTCG 
ACGCGGAGAACACCCGGGCGGTCGGCAGAGGGTTGGAGCCTGTCGTGCGGA 
TGATGCTCGGGCTTTAA (SEQIDNO:92) 



35 Sinorhizobium meliloti Smein (Q9EV56) (Amino Acid) 

MKTVLCY'GDSLTWGYDATGSGRHALEDRWPSVLQKALGSDAHVIAEGLNGRTT 
AYDDHLADCDRNGARVLPTVLHTHAPLDLIVFMLGSNDMKPIIHGTAFGAVKGIE 
PXVNLVRRHDWPTETEEGPEILrVSPPPLCETANSAFAAMFAGGVEQSAMLAPLY 
RDLADELDCGFFDGGSVARTTPIDGVHLDAENTRAVGRGLEPVVRMMLGL 

40 (SEQIDNO:93) 
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Agrobacterium tumefaciens Atu m (AAD02335) (DNA) 

ATGGTGAAGTCGGTCCTCTGCTTTGGCGATTCCCTCACCTGGGGATCAAATGC 

GGAAACGGGTGGCCGGCACAGCCATGACGATCTTTGGCCGAGCGTCTTGCAG 

AAGGCGCTCGGTCCTGACGTGCATGTGATTCACGAAGGTCTGGGTGGTCGCA 

CCACCGCCTATGACGACAACACCGCCGATTGCGACCGCAACGGCGCGCGGGT 

TCTTCCGACGTTGTTGCACAGCCATGCGCCGCTGGATCTGGTGATTGTCATGC 

TCGGGACCAACGACCTGAAGCCGTCAATCCATGGATCGGCGATCGTTGCCAT 

GAAGGGTGTCGAAAGGCTGGTGAAGCTCACGCGCAACCACATCTGGCAGGTG 

CCGGACTGGGAGGCGCCTGACGTGCTGATCGTCGCACCGCCGCAGCTGTGTG 

AAACGGCCAATCCGTTCATGGGCGCGATCTTTCGTGATGCGATCGATGAATC 

GGCGATGCTGGCGTCCGTTTACCGGGACCTTGCCGACGAGCTTGATTGCGGCT 

TTTtCGATGCGGGTTCCGTCGCCCGAACGACGCCGGTGGATGGCGTTCATCTC 

GATGCTGAAAATACGCGGGCCATCGGGCGGGGGCTGGAGCCCGTCGTTCGCA 

TGATGCTCGGACTTTAA (SEQ ID NO:94) 



Agrobacterium tumefaciens Atu HI (AAD02335) (Amino Acid) 

MVKSVLCFGDSLTWGSNAETGGRHSHDDLWPSVLQKALGPDVHVIHEGLGGRT 
TAYDDNTADCDRNGARVLPTLLHSHAPLDLVTVMLGTNDLKPSfflGSAlVAMKG 
VERLVKLTR>MIWQWDWEAPDVLWAPPQLCETANPFMGAIFRDAroESAMLAS 
VYRDLADELDCGFFDAGSVARTTPVDGVHLDAENTRAIGRGLEPVVRMMLGL 

(SEQ ID NO:95) 



Mesorhizobium loti Mlo I (Q98MY5) (DNA) 

ATGAAGACGGTGCTTTGCTACGGCGACTCGCTGACCTGGGGCTACAATGCCG 

AAGGCGGCCGCCATGCGCTGGAAGACCGCTGGCCGAGCGTGCTGCAAGCAG 

CGTTAGGCGCCGGCGTGCAAGTGATTGCCGATGGCCTCAACGGCCGCACCAC 

GGCCTTCGACGATCATCTGGCCGGTGCTGATCGCAACGGCGCCAGGCTGCTG 

CCGACGGTCCTGACGACGCACGCGCCGATCGACCTGATCATCTTCATGCTCG 

GCGCCAACGACATGAAGCCTTGGATCCACGGCAATCCGGTCGCAGCCAAGCA 

AGGCATCCAGCGGTTGATCGACATCGTGCGTGGTCACGACTACCCGTTCGAC 

TGGCCGGCGCCGCAGATCCTGATCGTCGCGCCGCCTGTAGTCAGCCGCACCG 

AAAATGCCGACTTCAAGGAAATGTTCGCCGGTGGCGATGACGCCTCGAAGTT 

TTTGGCACCGCAATATGCCGCGCTCGCCGACGAAGCCGGCTGTGGCTTCTTCG 

ACGCCGGCAGCGTGGCCCAAACCACACCGCTCGATGGCGTTCACCTCGATGC 

CGAAAACACGCGAGAAATCGGCAAGGCGCTGACGCCGATCGTGCGCGTCAT 

GCTGGAATTGTAA (SEQ ID NO:96) 
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Mesorhizobium loti Mlo I (Q98MY5) (Amino Acid) 

MKTVLCYGDSLTWGYNAEGGRHALEDRWPSVLQAALGAGVQVIADGLNGRTT 
5 AFDDHLAGADRNGARLLPTVLTTHAPIDLIIFMLGANDMKPWIHGNPVAAKQGIQ 
RLIDIVRGHDYPFDWPAPQILIVAPPVVSRTENADFKEMFAGGDDASKFLAPQYA 
ALADEAGCGFFDAGSVAQTTPIJDGVHIJDAENrREIGKALTPrVRVMLEL (SEQ ID 
NO:97) 

10 

Moraxella bovis Mbo (AAK53448) (DNA) 

ATGAAAAAATCCGCCTTTGCCAAATACTCAGCACTTGCCCTAATGGTTGGGAT 
GTCK^CTGCACACCGCTTACGCCAAGGAGTTTAGCCAAGTCATCATTTTTGGGG 
ACAGCTTGTCCGATACAGGTCGCCTAAAAGATATGGTCGCCCGAAAAGATGG 

15 CACCCTTGGCAACACCTTACAGCCATCTTTTACCACCAACCCCGACCCTGTAT 
GGTCAAGCTrATTTGCCCAAAGTTATGGCAAAACCGCCAGTCCCAACACGCC 
TGACAATCCCACTGGCACTAACTATGCCGTGGGCGGAGCTCGCTCTGGCTCG 
GAGGTCAATTGGAATGGTTTTGTGAATGTACCCTCCACCAAAACGCAAATCA 
CCGACCATTTGACCGCCACAGGTGGCAAAGCCGACCCTAATACCCTGTATGC 

20 CATTTGGATTGGCTCTAATGACTTAATTTCAGCTTCTCAAGCCACCACAACAG 
CCGAAGCCCAAAACGCCATTAAAGGTGCGGTAACTCGCACCGTGATAGACAT 
CGAAACACTCAATCAAGCAGGGGCGACAACCATTTTGGTGCCAAATGTGCCT 
GATTTGAGCCTCACGCCCCGAGCCATCTATGGCGAAAGCCTCATGGCAGGCG 
TGCAAGACAAAGCCAAACTCGCCTCAAGTCTGTATAATAGCGGTCTGTTTGA 

25 AGCATTAAATCAATCCACCGCCAACATCATCCCTGCCAACACCTTTGCCCTAC 
TCCAAGAAGCGACCACAAATAAAGAAGCCTTTGGTTTTAAAAACACGCAAGG 
CGTGGCGTGTCAAATGCCCGCTCGTACCACAGGGGCGGATGATGTGGCTTCT 
ACTTCCTTGGCATGTACCAAAGCCAATCTTATAGAAAACGGGGCAAATGACA 
CCTACGCCITTGCCGATGACATTCACCCATCGGGACGCACGCACCGCATTTTG 

30 GCACAGTATTACCGTTCTATCATGGACGCCCCTACTCACATGGGTAAACTCTC 
AGGCGAGCTTGTCAAAACAGGTTCAGCCCACGACCGTCATGTTTACCGTCAG 
CTTGACAGGCTTAGTGGCTCACAGCACAGCATTTGGGCAAACGTCTATGCCA 
GCGACCGTACCGACCCCACCACCCAAATCGGCTTGGACGTGGCAGGTTCATC 
AAGCCATACAGGGGCGTATCTGAGCCACCAAAACCAAGATTATGTGCTGGAT 

35 GACACCCTATCATCAGATGTCAAAACCATTGGCATGGGGCTGTATCATCGCC 
ATGACATCGGCAATGTCCGTCTAAAAGGCGTGGCAGGTATCGACCGACTTAG 
CGTGGATACGCACCGCCATATCGACTGGGAGGGGACAAGCCGTTCGCACACC 
GCAGATACCACCGCCAGACGTTTTCATGCAGGGCTACAAGCCAGCTATGGCA 
TAGACATGGGCAAAGCCACCGTGCGTCCGCTTATCGGCGTACATGCCCAAAA 

40 AGTCAAAGTAAATGACATGACCGAGAGCGAATCAACTTTATCCACCGCCATG 
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CGTTTTGGCGAGCAAGAACAAAAGTCCCTACAAGGCGAGATTGGCGTCGATG 
TGGCTTATCCGATTAGCCCTGCTTTGACTCTGACGGGCGGTATCGCTCACGCT 
CATGAGTTTAACGATGATGAACGCACCATTAATGCCACTTTAACCTCCATTCG 
TGAATACACGAAGGGCTTTAATACAAGCGTTAGCACCGACAAATCTCACGCC 
ACCACCGCTCATCTGGGCGTACAAGGGCAACTTGGCAAGGCAAATATTCATG 
CAGGCGTTCACGCCACCCACCAAGACAGCGATACAGACGTGGGTGGTTCGCT 
TGGGGTTCGCTTGATGTTTTAA (SEQ ID NO:98) 

Moraxella bovis Mbo (AAK53448) (Amino Acid) 

MKKSAFAKYSALALMVGMCLHTAYAKEFSQVIIFGDSLSDTGRLKDMVARKDG 

TLGNTLQPSFTTOTDPWSSLFAQSYGKTASPNTPDNPTGTNYAVGGARSGSEVN 

WNGFVNWSTKTQITDHLTATGGKADPNTLYAIW1GSNDLISASQATTTAEAQNA 

IKGAWRTVTOffiTLNQAGATmVPNVPDLSLTPPvAIYGESLMAGVQDKAKLASS 

LYNSGLFEALNQSTANIIPANTFALLQEATTNKEAFGFKNTQGVACQMPARTTGA 

DDVASTSLACTKANLIENGANDTYAFADDIHPSGRTHRILAQYYRSIMDAPTHMG 

KLSGELVKTGSAHDRHVYRQUDRLSGSQHSIWANVYASDRTDPTTQIGLDVAGS 

SSHTGAYIJSHQNQDYVIJDDTI^SDVKTIGM 

DTHRHIDWEGTSRSHTADTTARRFHAGLQASYGIDMGKATVRPLIGVHAQKVKV 

NDMTESESTLSTAMRFGEQEQKSLQGEIG\nDVAYPISPALTLTGGIAHAHEFNDD 

ERTINATLTSIREYTKGFNTSVSTDKSHATTAHLGVQGQLGKANIHAGVHATHQD 

SDTDVGGSLGVRLMF (SEQIDNO:99) 



Chromobacteriwn violaceum Cvi (Q7NRP5) (DNA) 

ATGCGCTCTATCGTCTGCAAAATGCTGTTCCCTTTGTTGCTGCTGTGGCAGCT 

GCCCGCCCTGGCCGCCACCGTGCTGGTGTTCGGCGACAGCCTGTCCGCCGGC 

TACGGCCTGGCCCCGGGCCAGGGATGGGCGGCGCTGCTGGCGCGCGACCTCT 

CGCCCCGGCACAAGGTGGTCAACGCCAGCGTGTCCGGCGAAACCAGCGCCGG 

CGGCCTGTCCAGGCTGCCCGACGCGCTCGCCCGCCACCAGCCCGACGTGCTG 

GTGCTGGAACTCGGCGCCAACGATGGCCTGCGCGGCCTGCCGATGGCTGACA 

TGAGGCGCAACCTGCAGCGGATGATAGACCTGGCCCAGGCGCGCAAGGCCA 

AGGTGCTGCTGGTGGGCATGGCGCTGCCACCCAACTATGGCCCCCGCTACGG 

CGCCGAGTTCCGCGCCGTTTATGACGATTTGGCCCGCCGCAACCGCCTGGCCT 

ACGTGCCGCTGCTGGTCGAGGGCTTCGCCGGCGACCTCGGCGCCTTCCAGCC 

CGACGGCCTGCATCCCCGCGCGGAGAAGCAGGCCACCATGATGCGCACGGTC 

AAGGCAAAACTGCCAGTGAAATAA (SEQ ID NO: 100) 



Chromobacterium violaceum Cvi (Q7NRP5) (Amino Acid) 

MRSIVCKMLFPLLLLWQLPALAATVLVFGDSLSAGYGLAPGQGWAALLARDLSP 
RHKVVNASVSGETSAGGLSRLPDALARHQPDVLVLELGANDGLRGLPMADMRR 
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NLQRMIDLAQARKAKVLLVGMALPPNYGPRYGAEFRAVYDDLARRNRLAYVPL 
LVEGFAGDLGAFQPDGLHPRAEKQATMMRTVKAKLPVK (SEQ ID NO:101) 



Vibrio vulnificus Vvu (AA007232) (DNA) 

ATGTTTTTCCTTTCTAGCGTCGCACACGCAACCGAGAAAGTGTTAATTCTTGG 
CGACAGCCTAAGTGCAGGATACAACATGTCTGCAGAGCAGGCTTGGCCTAAT 
TTGTTACCAGAAGCATTGAATACATACGGAAAAAACGTAGAAGTGATCAACG 

10 CCAGTATCTCTGGAGACACAACCGGCAATGGACTATCTCGTCTGCCTGAGTTG 
TTAAAAACGCACTCACCAGACTGGGTGCTTATTGAGTTGGGTGCCAATGATG 
GCTTGCGAGGTTTCCCGCATAAAGTGATCTCTTCAAACCTTTCGCGAATGATT 
CAACTCAGTAAAGCCTCAGACGCTAAAGTCGCATTGATGCAAATTCGTGTAC 
CGCCTAACTATGGCAAGCGCTACACCGATGCATTTGTCGAACTCTACCCTACG 

1 5 CTTGCTGAACATCACCAAGTCCCGTTGCTCCCCTTTTTCTTAGAGGAAGTGAT 
CGTGAAACCGGAATGGATGATGCCTGATGGCTTACACCCAATGCCCGAAGCT 
CAGCCITGGATCGCTCAATTTGTTGCAAAAACGTTTTACAAACATCTCTAA 
(SEQIDNO:102) 



Vibrio vulnificus Vvu. (AA007232) (Amino Acid) 

MFFLSSVAHATEKVLILGDSLSAGYNMSAEQAWPNLLPEALNTYGKNVEVINASI 
SGDTTGNGLSRLPELLKTHSPDWVLIELGANDGLRGFPHKVISSNLSRMIQLSKAS 
DAKVALMQIRVPPNYGK11YTDAFWLYPTLAEHHQWLLPFFLEEVTVKPEWMM 
25 PDGLHPMPEAQPWIAQFVAKTFYKHL (SEQ ID NO: 103) 



Ralstonia eutropha Reu (ZP00166901) (DNA) 

ATGCCATTGACCGCGCCGTCTGAAGTCGATCCGCTGCAAATCCTGGTCTATGC 
30 CGATTCGCTTTCGTGGGGCATCGTGCCCGGCACCCGCCGGCGGCTTCCCTTCC 
CGGTTCGCTGGCCAGGCCGGCTCGAACTCGGCCTGAACGCCGACGGCGGCGC 
CCCGGTGCGCATCATCGAGGACTGCCTGAACGGCCGGCGCACCGTCTGGGAC 
GACCCATTCAAACCGGGCCGCAACGGCTTGCAAGGGCTGGCGCAGCGCATCG 
AGATCCATTCCCCGGTGGCGCTCGTGGTTTTGATGCTGGGCAACAACGATTTC 
35 CAGTCCATGCATCCGCACAACGCCTGGCATGCGGCACAGGGCGTCGGCGCGC 
TGGTCCACGCCATCCGGACGGCGCCGATCGAACCGGGAATGCCGGTGCCGCC 
GATCCTGGTGGTGGTGCCGCCGCCGATCCGCACGCCCTGCGGGCCGCTCGCG 
CCCAAGTTCGCCGGCGGCGAACACAAGTGGGCAGGCCTGCCCGAGGCGCTGC 
GCGAACTGTGCGCCACTGTCGACTGCTCGCTGTTCGATGCGGGTACCGTGATC 
40 CAGAGCAGTGCCGTCGACGGCGTACACCTTGACGCCGATGCCCATGTCGCCC 
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TGGGCGATGCCCTGCAACCGGTCGTTCGTGCGCTGCTCGCCGAATCCTCGGG 
ACATCCCTCCTAA (SEQ ID NO:104) 



5 Ralstonia eutropha Rea (ZP001 66901) (Amino Acid) 

MPLTAPSEVDPLQILVYADSLSWGIWGTRRRLPFPVRWPGRLELGLNADGGAPV 
RIIEDCLNGRRTVWDDPFKPGRNGLQGLAQRIEIHSPVALVVLMIXjNNDFQSMHP 
HNAWHAAQGVGALVHAIRTAPffiPGMPVPPILVVVPPPIRTPCGPLAPKFAGGEH 
KWAGLPEALRELCATVDCSLFDAGTVIQSSAVDGVHLDADAHVALGDALQPVV 

10 RALLAESSGHPS (SEQ IDNO:105) 



Salmonella typhimurium Stm (AAC38796) (DNA) 

15 ATGACCCAAAAGCGTACCCTGCTAAAATACGGCATACTCTCGCTGGCGCTGG 
CCGCGCCATTATCTGCCTGTGCGTTTGACTCTCTTACGGTGATTGGCGATAGC 
CTTAGCGATACCGGTAATAACGGTCGCTGGACCTGGGATAGTGGTCAAAATA 
AGCTCTACGACGAACAGTTGGCCGAACGATATGGGCTGGAATTAAGCCCTTC 
CAGCAATGGCGGCTCTAATTATGCCGCCGGCGGCGCGACGGCGACCCCGGAA 

20 TTAAACCCGCAGGATAATACCGCGGATCAGGTACGGCAGTGGCTTGCCAAAA 
CGGGGGGAAAAGCCGACCACAACGGTTTGTATATTCACTGGGTCGGCGGAAA 
CGATCTGGCGGCGGCCATCGCGCAACCAACCATGGCACAGCAAATAGCCGGT 
AATAGCGCCACTAGCGCGGCGGCGCAGGTAGGGCTGTTACTGGATGCCGGCG 
CCGGGCTGGTCGTGGTGCCAAACGTACCGGATATTAGTGCGACGCCAATGCT 

25 TCTGGAGGCGGTAATCACCGCTGGGCTGGGCGCAGCGGCGCCCCCGGCGCTA 
AAAGCGGCGTTAGATGCGCTGGCGGAGGGCGCTACGCCCGATTTCGCCAGTC 
GGCAACAGGCGATCCGCAAGGCGCTGCTGGCGGCGGCTGCAACGGTAAGCA 
GCAATCCATTTATTCAGCAACTGCTCGTTGAACAACTGCTGGCGGGCTATGAA 
GCGGCGGCAGGGCAGGCGTCAGCTCTGACCGATTATTATAATCAGATGGAAG 

30 AGAAGGGGCTGGAGCAACACGGCGGCAATATAGCCCGTGCCGATATCAACG 
GCCTCTTTAAGGAAATTCTTGCCAACCCGCAGGCGTTTGGTCTGACAAATACC 
GTAGGTATGGCCTGCCCGCCTGGCGTATCCGCTTCGGCGTGCTCCTCGGCAAT 
GCCTGGATTTAATGCGTCGCAGGACTATGTGTTTGCCGATCATTTACATCCCG 
GTCCGCAGGTCCATACCATTATTGCGCAATATATTCAGTCGATCATTGCCGCG 

35 CCGGTACAGGCGACATACCTGAACCAAAGCGTTCAGTCGATGGCGCAAGGCA 
GTCGTACCACGCTTGACAGCCGTTATCAGCAGCTTCGCCAGGGGGAAAATCC 
TGTTGGTTCGCTGGGCATGTTCGGCGGATACAGCGGGGGATATCAACGTTAT 
GATAATAATGAGGCCGACGGGAACGGTAATCATAATAATCTGACGGTTGGCG 
TCGATTATCAGCTTAACGAGCAGGTTCTGCTGGGAGGGCTGATAGCCGGTTCT 

40 CTGGATAAGCAACATCCTGACGATAATTATCGTTATGATGCCCGCGGTTTTCA 
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GGCCGCCGTATTCAGCCATTTACGCGCCGGTCAGGCGTGGCTGGATAGCGAT 
TTACACTTTCTGTCCGCTAAATTCAGTAACATTCAGCGCAGTATAACGCTCGG 
TGCGCTAAGACGGGTGGAAGAGGGCGAAACCAACGGTCGGCTGTCGGGCGC 
GAGCTTAACCAGCGGTTATGATTTTGTCATGGTGCCGTGGTTAACGACCGGAC 
5 CGATGCTGCAATATGCATGGGATTACAGCCACGTTAATGGTTATAGCGAGAA 
GCTCAATACCAGTACATCAATGCGTTTTGGTGACCAAAACGCCCATTCGCAG 
GTGGGTAGCGCGGGTTGGCGTCTGGATCTTCGCCACAGCATCATTCACTCCTG 
GGCGCAGATTAATTATCGCCGTCAGTTTGGCGATGATACGTATGTGGCGAAC 
GGCGGCCTTAAATCGACCGCGCTGACGTTTAGCCGCGACGGAAAAACGCAGG 
10 ATAAAAACTGGGTTGATATCGCGATTGGCGCAGATTTTCCGCTGTCGGCAAC 
GGTGTCCGCTTTCGCCGGGCTGTCGCAAACGGCAGGGTTAAGCGATGGCAAT 
CAAACCCGTTATAACGTTGGGTTTAGCGCCCGATTTTAA (SEQ ID NO: 106) 



15 Salmonella typhimurium Stm (AAC38796) (Amino Acid) 

MTQKRTLLKYGILSLALAAPLSACAFDSLTVIGDSLSDTGNNGRWTWDSGQNKL 
YDEQLAERYGLELSPSSNGGSNYAAGGATATPELNPQDNTADQVRQWLAKTGG 
KADHNGLYIHWVGGNDLAAAIAQPTMAQQIAGNSATSAAAQVGLLLDAGAGLV 
VWNWDISATPMLLEAVTTAGLGAAAPPALKAALDALAEGATPDFASRQQAIRK 

20 ALLAAAATVSSNPFIQQLLVEQLLAGYEAAAGQASALTDYYNQMEEKGLEQHG 
GNIARADINGLFKE1L ANPQ AF GLTNTVGM ACPPGVS AS AC S S AMP GFN ASQD YV 
FADHIJHPGPQVHTIIAQYIQSIIAAPVQATYLNQSVQSMAQGSRTTLDSRYQQLRQ 
GENPVGSLGMFGGYSGGYQRYDNNEADGNGNHNNLTVGVDYQLNEQVLLGGLI 
AGSLDKQHPDDNYRYDARGFQAAVFSHLRAGQAWLDSDLHFLSAKFSNIQRSIT 

25 LGALRRVEEGETNGPvLSGASLTSGYDFVMWWLTTGPMLQYAWDYSHVNGYSE 
KXNTSTSMRFGDQNAHSQVGSAGWRLDLRHSIIHSWAQINYRRQFGDDTYVAN 
GGLKSTALTFSRDGKTQDKNWVDIAIGADFPLSATVSAFAGLSQTAGLSDGNQTR 
YNVGFSARF (SEQ ID NO: 107) 



30 

In total, nine of the new "GDSL"-type esterases were identified in 6 metagenomic 
libraries and BRAIN's esterase/lipase library. Eight of these genes were heterologously 
expressed in E. coli and the resulting enzymes analyzed for activity in the assays 
described herein. The characterization of these enzymes for perhydrolase activity 
35 revealed that one displayed the desired activity. A second one was predicted to show this 
activity due to the presence of amino acids conserved among this group of enzymes. 
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Comparison of the sequences of enzymes for which the presence or absence of the 
desired perhydrolase activity was determined led to the identification of 19 amino acid 
positions which were conserved among the enzymes which displayed the desired 
perhydrolase activity. Thus, it is contemplated that these conserved amino acids are 
5 essential for the perhydrolase reaction and/or is a structural feature of perhydrolase 
enzymes. 

One of the identified structural motifs ("G/ARTT") conserved among esterases 
with the desired perhydrolase activity was used to design degenerate primers which 
provided the means to focus the screening on true perhydrolases among "GDSL"-type 

1 0 esterases. Indeed, the use of these "G/ARTT" primers led to the identification of 

enzymes with the desired perhydrolase activity from the metagenome. However, it is not 
intended that the use of the metagenome be limited to any particular assay method. 
Indeed, it is contemplated that the metagenome be searched by assaying for a particular 
enzyme activity or activities desired (e.g., perhydrolysis and/or acyltransferase (cofactor 

1 5 dependent or independent) activity). In addition, screening using poly and/or monoclonal 
anti-sera directed against a protein of interest finds use in the present invention. La 
additional embodiments, the metagenome is searched using degenerate primer sets based 
on the sequence of the protein of interest. 

In addition, the knowledge of the structure/function relationship of perhydrolases 

20 allowed searching for these enzymes in genome sequences of cultivable microorganisms. 
Of 16 "GDSL"-type esterases identified in different bacterial isolates, the corresponding 
genes of 10 enzymes were amplified and heterologously expressed in E. coli. The 
resulting enzyme samples of seven clones were analyzed using the assays described 
herein. Of five samples characterized to date, 4 enzymes indeed showed the desired 

25 activity and all results confirmed the proposed relationship between primary structural 

determinants and the function of perhydrolases. Thus, an enzyme library of 19 "GDSL"- 
type esterases comprising at least 6 perhydrolases with the desired perhydrolase activity 
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was set up. The identified correlation between the structure and function of perhydrolases 
provides a definition of the sequence space used by enzymes with the desired 
perhydrolase activity. 

Comparisons were made of protein sequences of enzymes for which the absence 

5 or presence of the desired perhydrolase activity. This revealed a correlation between the 
presence of certain amino acids and the capability to perform perhydrolase reactions. 
This knowledge was used to identify enzymes containing these conserved amino acids in 
sequenced genomes from cultivable microorganisms. The following enzymes were 
identified and experiments to amplify the genes from the genomic DNA of the 

10 corresponding strains using specific primers were performed. 



Table 1. 


"GDSL"-type Esterases with a 
Bacterial Isolates 


"GRTT" 


-Motif From 


Isolate 


Protein 
Identifier 


Acronym Amplicon 


Expression 
Vector 


Sinorhizobium 
meliloti 


Smal993 


Smel 


yes 


pLO_SmeI 


Sinorhizobium 
meliloti 


Q92XZ1 


Smell 


yes 


pET26JSmeII 


Sinorhizobium 
meliloti 


Q9EV56 


SmeHI 


yes 


pET26_Smem 


Agrobacterium 
rhizogenes 


Q9KWB1 


Arhl 


no 




Agrobacterium 
rhizogenes 


Q9KWA6 


Arhn 


no 
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Agrobacterium 


AAD02335 


AtuHI 


yes 


pET26_Atum 


tumefaciens 










Mesorhizobium loti 


Q98MY5 


Mlol 


yes 


pET26_Mlo 


Mesorhizobium loti 


ZPJ)0197751 


MloH 


no 


- 


Ralstonia 


Q8XQI0 


Rso 


no 


- 


solanacearum 










Ralstonia eutropha 


ZPJ)0166901 


Reu 


yes 


n.d. 


Moraxella bovis 


AAK53448 


Mbo 


yes 


pET26JVfbo 


Burkholderia 


ZP_00216984 


Bee 


no 


- 


cepacia 










Chromobacterium 


Q7NRP5 


Cvi 


yes 


pET26_Cvi 


violaceum 










Pirellula sp. 


NP_865746 


Psp 


n.d. 


n.d. 


Vibrio vulnificus 


AA007232 


Vvu 


yes 


pET26_Vvu 


Salmonella 


AAC38796 


Sty 


yes 


pET26_Sty 


typhimurium 











In the cases of A. rhizogenes, M. loti (enzyme II), R. solanacearum and B. cepacia 
no amplicon could be generated It was thought that this was probably due to genetic 
differences between the strains used in this investigation and those used for the 
5 sequencing of the genes deposited in the public domain databases. One reason might be 
that the corresponding genes are located on plasmids which are not present in the strains 
used in this investigation. However, it is not intended that the present invention be 
limited to any particular mechanism or theory. 
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The amplicons from all other strains were sequenced. In many cases there were 
differences between the sequence from the databases and the sequence determined during 
the development of the present invention. By sequencing two clones from independent 
amplifications, mutations introduced by the polymerase could be nearly excluded. The 
5 sequences of the genes and the deduced amino acid sequences of "GDSL"-type esterases 
with a "GRTT'-motif or variations from bacterial isolates are provided below: 



SMa\993_Sinorhizobium meliloti (Sme I) (SEQ ID NOS:88 and 89) 
10 Q92XZl_Sinorhizobium meliloti (Sme E) (SEQ ID NOS:90 and 91) 
Q9EV56_Sinorhizobium meliloti (Sme m) (SEQ ID NOS:92 and 93) 
AAD02335_Agrobacterium tumefaciens (Atu IH) (SEQ ID NOS: 94 and 95) 
Q9%MY5_Mesorhizobium loti (Mlo I) (SEQ ID NOS:96 and 97) 
ZP_001 66901 Jlalstonia eutropha (Reu) (SEQ ID NOS:104 and 105) 
1 5 AAK53 448_Moraxe//a bovis (Mbo) (SEQ ID NOS: 98 and 99) 

Q7NKP5_Chromobacterium violaceum (Cvi) (SEQ ID NOS:100 and 101) 
AA007232_Vibrio vulnificus (Vvu) (SEQ ID NOS: 102 and 103) 
AAC38796_Salmonella typhimurium (Stm) (SEQ ID NOS.106 and 107) 

20 

Q9KWBt_Agrobacterium rhizogenes (Arh I) 

MICHKGGEEMRSVLCYGDSNTHGQEPGGSPLDRYGPNERWPGVLRRELGSQWY 
VffiEGLSGRTTVPJDDPIEGTMKNGRTYLRPCLMSHAILDLVIBvdLGTNDLKARFGQ 
25 PPSEVAMGIGCLVYDIRELAPGPGGKPPEIMVVAPPPMLDDIKEWEPIFSGAQEKS 
RRLALEFEIIADSLEVHFFDAATVASCDPCDGFHINREAHEALGTALAREVEAIGW 
R (SEQ ID NO: 108) 

ATGATTTGCCATAAAGGTGGGGAGGAAATGCGGTCAGTCTTATGCTACGGCG 
30 ACTCGAATACGCACGGCCAGATTCCGGGGGGCTCACCGCTCGACCGATACGG 
GCCGAACGAGCGCTGGCCTGGCGTTTTGAGACGGGAGCTTGGAAGCCAGTGG 
TATGTGATCGAGGAGGGCCTGAGTGGCCGCACGACGGTTCGCGACGATCCGA 
TCGAGGGCACGATGAAAAACGGCCGGACCTACCTGCGTCCGTGCCTCATGAG 
CCACGCGATCCTCGATCTCGTGATTATCATGCTCGGGACGAACGACCTGAAA 
35 GCGCGCTTCGGTCAACCGCCATCGGAAGTGGCGATGGGGATCGGCTGCCTCG 
TCTACGATATCAGGGAGCTGGCGCCCGGACCGGGCGGCAAGCCCCCCGAAAT 
CATGGTGGTTGCTCCGCCGCCGATGCTGGACGATATCAAGGAATGGGAACCC 
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ATATTTTCCGGCGCCCAGGAGAAATCCCGGCGTCTCGCGCTTGAGTTTGAAAT 
TATTGCTGATTCGCTTGAAGTACACTTCTTTGACGCCGCGACCGTCGCATCGT 
GTGATCCITGCGATGGTTTTCACATCAACCGGGAAGCGCATGAAGCCTTGGG 
AACAGCGCTTGCCAGGGAAGTGGAGGCGATCGGTTGGAGATGATGA (SEQ ID 
NO:109) 



Q9KWA6_Agrobacterium rhizogenes (Arh U) 

MAESRSIIX:FGDSLTWGWIPWESSPTLRYPFEQRWTGAMAAALGDGYSIIEEGLS 
1 0 ARTTSVEDPNDPM.NGSAYLPMALASHLPLDLVnLLGT^TKSYFRRTPYEIANG 
MGKLAGQVLTSAGGIGTPYPAPKLLrVSPPPLAPMPDPWFEGMFGGGYEKSLELA 
KQYKALANFLKVDFLDAGEFVKTDGCDGIHFSAETNITLGHAIAAKVEAIFSQEA 

KNAAA (SEQIDNO:110) 

1 5 ATGGCAGAGAGCCGCTCAATATTATGTTTTGGGGATTCACTCACATGGGGTTG 
GATTCCGGTACCGGAGTCGTCGCCGACGCTCAGATATCCCTTTGAGCAGCGCT 
GGACCGGTGCAATGGCTGCGGCACTCGGTGACGGCTATTCAATCATCGAGGA 
AGGCCTTTCCGCCCGCACGACCAGCGTCGAGGATCCGAACGATCCCAGGCTG 
AACGGCAGCGCCTACCTGCCGATGGCGCTCGCCAGCCATCTGCCGCTCGATC 

20 TCGTCATCATCCTTCTCGGCACCAACGACACCAAGTCCTATTTCCGCCGCACG 
CCCTATGAGATCGCCAACGGCATGGGCAAGCTTGCCGGACAGGTTCTGACCT 
CGGCCGGCGGGATCGGCACGCCCTACCCTGCCCCGAAGCTTCTGATCGTTTC 
GCCGCCGCCGCTCGCTCCCATGCCTGACCCGTGGTTCGAAGGCATGTTCGGTG 
GCGGTTACGAAAAGTCGCTCGAACTCGCAAAGCAGTACAAGGCGCTCGCCAA 

25 CTTCCTGAAGGTCGACTTCCTCGACGCCGGCGAGTTTGTAAAGACCGACGGC 
TGCGATGGAATCCATTTCTCCGCCGAGACGAACATCACGCTCGGCCATGCGA 
TCGCGGCGAAGGTCGAAGCGATTTTCTCACAAGAGGCGAAGAACGCTGCGGC 

TTAG (SEQIDNO:lll) 

30 

ZP_00197751_Mesorhizobium loti (Mlo II) 

MKTILCYGDSLWGYDAVGPSPJ1AYEDRWPSVLQGRLGSSARVIAEGLCGRTTA 
FDDWVAGADRNGARILPTLLATHSPLDLVrVMLGTTSfDMKSFVCGRAJGAKQGME 
PJVQIIRGQPYSFNYKVPSILLVAPPPLCATENSDFAEIFEGGMAESQKLAPLYAAL 
35 AQQTGCAFFDAGTVARTTPLDGIHLDAENTRAIGAGLEPVVRQALGL (SEQ ID 
NO:112) 

ATGAAGACCATCCTTTGTTACGGTGACTCCCTCACTTGGGGCTATGATGCCGT 
CGGACCCATGAAGACCATCCTTTGTTACGGTGACTCCCTCACTTGGGGCTATG 
40 ATGCCGTCGGACCCTCACGGCATGCTTATGAGGATCGATGGCCCTCCGTACTG 
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CAAGGCCGCCTCGGTAGCAGTGCGCGGGTGATCGCCGAGGGGCTTTGCGGCC 
GCACAACTGCGTTTGACGACTGGGTCGCTGGTGCGGACCGGAACGGTGCGCG 
CATCCTGCCGACGCTTCTTGCGACCCATTCACCGCTTGACCTCGTTATCGTCA 
TGCTCGGGACGAACGACATGAAATCGTTCGTTTGCGGGCGCGCTATCGGCGC 
5 CAAGCAGGGGATGGAGCGGATCGTCCAGATCATCCGCGGGCAGCCTTATTCC 
TTCAATTATAAGGTACCGTCGATTCTTCTCGTGGCGCCGCCGCCGCTGTGCGC 
TACCGAAAACAGCGATTTCGCGGAAATTTTTGAAGGTGGCATGGCTGAATCG 
CAAAAGCTCGCGCCGCTTTATGCCGCGCTGGCCCAGCAAACCGGATGCGCCT 
TCTTCGATGCAGGCACTGTGGCCCGCACGACACCGCTCGACGGTATTCACCTC 
10 GATGCTGAAAACACGCGCGCCATTGGTGCCGGCCTGGAGCCGGTGGTCCGCC 
AAGCGCTTGGATTGTGA (SEQ IDNO:113) 



Q8XQI0_Ralstonia solanacearum (Rso) 
1 5 MQQILLYSDSLSWGIH'GTRRRLPFAARWAGVMEHALQAQGHAVRIVEDCLNGR 
TTVLDDPARPGRNGLQGLAQRIEAHAPLALVILMLGTNDFQAIFRHTAQDAAQG 
VAQLVRAIRQAPIEPGMPWPVLIVWPAITAPAGAMADKFADAQPKCAGLAQAY 
RATAQTLGCHVFDANSVTPASRVDGIHLDADQHAQLGRAMAQWGTLLAQ 
(SEQIDNO:114) 

20 

ATGCAACAGATCCTGCTCTATTCCGACTCGCTCTCCTGGGGCATCATCCCCGG 
CACCCGCCGGCGCCTGCCGTTCGCCGCCCGCTGGGCCGGGGTCATGGAACAC 
GCGCTGCAGGCGCAAGGGCACGCCGTGCGCATCGTCGAAGACTGCCTCAATG 
GACGCACCACGGTGCTCGACGATCCCGCGCGGCCGGGGCGCAACGGACTGCA 

25 GGGGCTCGCGCAGCGGATCGAAGCGCACGCCCCGCTTGCCCTGGTCATCCTG 
ATGCTCGGCACCAACGACTTCCAGGCGATCTTCCGGCACACCGCCCAGGACG 
CGGCGCAAGGCGTGGCGCAGCTGGTGCGGGCCATCCGCCAGGCGCCGATCGA 
ACCCGGCATGCCGGTGCCGCCCGTGCTGATCGTGGTGCCGCCGGCCATCACC 
GCGCCGGCCGGGGCGATGGCCGACAAGTTTGCCGACGCGCAGCCCAAGTGCG 

30 CCGGCCTTGCGCAGGCCTATCGGGCAACGGCGCAAACGCTAGGCTGCCACGT 
CTTCGATGCGAACAGCGTCACGCCGGCCAGCCGCGTGGACGGCATCCACCTC 
GATGCCGACCAGCATGCGCAGCTGGGCCGGGCGATGGCGCAGGTCGTCGGG 
ACGCTGCTTGCGCAATAA (SEQ ID NO: 1 1 5) 

35 

ZP_00216984 Burkholderia cepacia (Bee) 

ATGACGATGACGCAGAAAACCGTGCTCTGCTACGGCGATTCGAACACGCATG 
GCACACGCCCGATGACGCATGCTGGCGGACTGGGGCGGTTTGCACGCGAAGA 
ACGCTGGACCGGCGTGCTGGCGCAAACGCTCGGTGCGAGCTGGCGGGTCATT 
40 GAAGAAGGGTTGCCCGCGCGTACGACCGTGCATGACGATCCGATCGAAGGCC 
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GGCACAAGAATGGTTTGTCGTATCTGCGCGCGTGCGTCGAAAGCCACTTGCC 
CGTCGATGTCGTCGTGCTGATGCTCGGGACCAACGATCTGAAGACACGCTTCT 
CGGTCACGCCCGCCGACATCGCGACATCGGTCGGCGTATTGCTTGCCAAGAT 
CGCTGCGTGCGGCGCCGGTCCGTCCGGTGCGTCACCGAAGCTCGTGCTGATG 
5 GCGCCTGCGCCGATCGTCGAGGTCGGATTCCTCGGCGAGATCTTTGCGGGCG 
GCGCAGCGAAGTCGCGGCAGCTCGCGAAGCGGTACGAACAGGTGGCAAGCG 
ATGCCGGTGCGCACTTTCTCGATGCCGGCGCGATCGTCGAGGTGAGCCCGGT 
GGATGGCGTTCACTTCGCGGCCGATCAGCATCGTGTGCTCGGGCAGCGGGTC 
GCTGCCCTTCTGCAGCAGATTGCGTAA (SEQ ID NO: 1 1 6) 

10 

MTMTQKTVLCYGDSNTHGTRPMTHAGGLGRFAREERWTGVLAQTLGASWRVI 
EEGLPARTTVHDDPffiGRHK^Gl^YLRACVESHLPVDVVVLMLGTNDLKTRFSV 
TPADIATSVGVLJjyOAACGAGPSGASPKLVIMAPAPIVEVGFLGEIFAGGAAKSR 
QLAKRYEQVASDAGAHFLDAGAIVEVSPVDGVHFAADQHRVLGQRVAALLQQI 
15 A (SEQIDNO:117) 



NP_865746 Pirellula sp (Psp) 
20 MHSILrV'GDSIJSWGIIPGTRRRFAFHQRWPGVMEIELRQTGIDARVIEDCLNGRRT 
VLEDPKPGRNGLDGLQQRIEINSPLSLWLFLGTNDFQSVHEFHAEQSAQGLALL 
VDAIRRSPFEPGMPTPKILLVAPPTVHHPKLDMAAKFQNAETKSTGLADAIRKVS 
TEHSCEFFDAATVTTTSVVDGVHLDQEQHQALGTALASTIAEILADC (SEQ ID 
NO:118) 

25 

ATGCATTCAATCCTCATCTATGGCGATTCTCTCAGTTGGGGAATCATTCCCGG 
CACGCGTCGTCGCTTCGCGTTCCATCAGCGTTGGCCGGGCGTCATGGAGATTG 
AACTGCGACAAACTGGAATCGATGCCCGCGTCATCGAAGACTGCCTCAATGG 
CCGACGAACCGTCTTGGAAGATCCAATCAAACCCGGACGCAATGGCCTGGAT 

30 GGTTTGCAGCAACGGATCGAAATCAATTCACCTCTGTCACTGGTCGTGCTCTT 
TCTGGGGACCAACGATTTCCAGTCCGTCCACGAATTCCATGCCGAGCAATCG 
GCACAAGGACTCGCACTGCTTGTCGACGCCATTCGTCGCTCCCCTTTCGAACC 
AGGAATGCCGACACCGAAAATCCTGCTTGTCGCACCACCGACGGTTCACCAC 
CCGAAACTTGATATGGCGGCGAAGTTCCAAAACGCGGAAACGAAATCGACG 

35 GGACTCGCAGATGCGATTCGCAAGGTCTCAACAGAACACTCCTGCGAATTCT 
TCGATGCGGCCACGGTCACCACAACAAGTGTCGTCGACGGAGTCCATCTCGA 
TCAAGAACAACATCAAGCACTCGGTACCGCACTGGCATCGACAATCGCTGAA 
ATACTAGCAGACTGTTGA (SEQ ID NO: 1 19) 

40 



109 



RCT^J^^OM-SB PCT/US2004/040438 
GC821-2 ^ © 



As indicated above, the above sequences are the protein sequences and the coding 
sequences of "GDSL-type" esterases with a "GRTT'-motif or similar motifs from 
different bacterial isolates. The DNA sequences represent the target-DNA from which 
specific primers were deduced. All amplicons were ligated as NdeVXhol-fragpients to 

5 pET26 thereby eliminating the ^©-leader sequence of this vector. All of the "GDSL- 
type" esterases from these isolates were expressed in E. coli Rosetta (DE3) at 28*C. The 
expression was induced by addition of 100 \iM IPTG at an O.D.sso = 1 and the cells were 
harvested 20 h after induction. Only the cells expressing the enzymes from M bovis and 
S. typhimurium were collected 4 h after induction, since previous experiments had shown 

10 that the highest activity could be obtained at this point of time. Table 2 summarizes the 
expression experiments. 



Table 2: Expression and Characterization of "GDSL"-type Esterases From 
Bacterial Isolates for Perhydrolase Activity 



Strain 


Enzyme 


Expression 


Solubility 3 


Activity 


Perhydrolase 


GRTT 






Level 2 




4 


Activity 


-Motif 


£ meliloti 


Smel 


+++ 


-H- 


5770,0 


yes 


ARTT 


£ meliloti 


. Smell 


+++ 


+++ 


85,0 


yes 


GRTT 


£ meliloti 


Smeffl 


-H-+ 


++ 


746,5 


n.d. 


GRTT 


A. tumefaciens 


AtuIH 


n.d 5 . 


n.d. 


n.d. 


n.d. 


GRTT 


M. loti 


Mlol 


+++ 


++ 


1187,3 


yes 


GRTT 


M. bovis 1 


Mbo 


+ 


n.d. 


25,2 


yes 


ARTT 


C. violaceum 


Cvi 


+ 


+ 


2422,7 


n.d. 


GETS 


V vulnificus 


Vvu 


n.d. 


n.d. 


n.cL 


n.d. 


GDTT 


R eutropha 


Reu 


n.d. 


n.d. 


n.d. 


n.d. 


GRRT 


S. typhimurium! 


Sty 


+ 


n.d. 


17,2 


no 


SRTT 



outer membrane localized autotransporter protein 
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expression level: + moderate overexpression; ++ strong overexpression; +++ 
very 

strong overexpression as judged from SDS-PAGE-analysis 
3 as judged by SDS-PAGE-analysis 
5 towards p-nitrophenyi butyrate 

6 not determined 



With the exception of the enzyme from S. typhimurium, all other enzymes tested 
1 0 showed the desired perhydrolase activity, confirming the correlation between the presence 
of certain conserved amino acids an the capability to perform perhydrolase reactions. 
Although the enzyme from S. typhimurium contains the GRTT-motif, it is different from 
the other enzymes by the location of this motif downstream from block V. In all other 
enzymes, this motif is located between block I and HI, indicating that it might have a 
15 different function in the enzyme from & typhimurium. Thus, the absence of perhydrolase 
activity in the enzyme from S. typhimurium also supports the identified 
structure/function-relationship of the perhydrolases provided by the present invention. 



20 Screening of New "GDSL-type" Esterases in Metagenome Libraries 

i) Library S279 

The full-length sequence of the gene from clone M75bA2 was completed, 
as provided below. 

25 

1 tgggcggttt cgcggagtcg agcagggaga gatgctcctg ggtcgtacga gttggtacgg 
g r f rgv eqg emll grt swy 

30 

61 aggcatcgtt gaagatctca cgcctgcttg aatgcgcgcg gatatggaac ggaccggccg 
ggiv edl tpa - m r a dme rtg 
35 121 cgctggcgat cggtgtcggc gtggggctgg cgagcctgag cccggtcgcg ctggcgacgc 
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ragd rcr rga gepe pgr agd 
181 cgccgcgggg caccgtgccg gtgttcaccc gatcggggac agcctgacgg acgagtattt 

aaag hra gvh pi cr d a 1 t d e y 
241 tgagccgttc ttccagtggg ggttctgcgg gaagtcgtgg gccgagattt tggtggagac 

fepf fqw gfc g k s w aei lve 
301 ggggcgggcg agcatgggcc cgacggcgca gcaggcgggg atcagcgagc cggagggatg 

tgra smg pta qqag ise peg 
361 gtcggatccg cggaacacgg ggtatcagca caactgggcg cggtactcgt ggagctcctc 

wsdp rnt gyq hnwa rys wss 
421 agacgcgctg accgaggagt cgccgggggc gacgctgagc gtgctgcttg gggcggagta 

sdal tee spg atls vll gae 
4 81 cgcggtggtg ttcattggga ccaacgactt caatccgtcg tggccggcgt atcagagcgt 

y a v v f i a fc n d fnps wpa yqs 
541 gtatctgagc cagtggagcg acgagcagat cgacacgtac gtgaacgggg tggtgcagaa 

vyls qws deq idty vng vvq 
601 catcgcgcag atggtggact cgctgaagtc ggtcggggcg aaggtggtgc ttgcgccgcc 

ni aq mvd slk svga kvv lap 
661 ggtggatttt cagttcgcgg ggttcctgcg gaactcatgc ccggatccga tgctgcgcga 

pvdf qfa gfl rnsc pdp mlr 
721 gcaggcgggt attctgacac ggaagtgcca cgaccgggtg cggtcgatgg cgcggcagaa 

eqag ilt r k c hdrv rsm arq 
7 81 gcacgtggtg ttcgtggaca tgtggcggct gaaccgcgat ttgttcggca acgggttcgc 

khvv fvd mwr lnrd lfg ngf 
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841 


gatcagctac ggccttcgga acacggtgcg 


cgtgggggac tcggagatcg 


ggctgcaact 






aisy glr ntv 


r v g d 


s e i 


g 1 q 


5 


901 


ggccgggctg acgggatcgg cggggctggt 


tccggacggg 


atccatccgc 


agcgggtggt 






lagl tgs agl 


v p d g 


, i h p 


q r v 


10 


961 


gcaggggatc tgggcgaatg cgttcatcgt 
vqgi wan afi 


gggtctgaac 
v g 1 n 


gcgcatgggg 
a h g 


cgaacatcgc 
a n i 




1021 


gcccatcggc gaggcggaga tgtgcgcgat 


ggggggggtc 


gtgtacgggg 


gaacggacac 


15 




apig eae mca 


m g g v 


v y g 


g t d 




1081 


gctggcgaac ttcctgccgc cggtcgcggg 


ctacgtggag 


gacttccgca 


acgcggggga 


20 


1141 


tlan flp pva 
cttcgtgtgc acggcggact tcaaccatga 


gyve 
ccttggcgtg 


d f r 
acgccgacgg 


nag 
acatcttcgc 






dfvc tad fnh 


d 1 g v 


t p t 


dif 


25 


1201 


gttcatcaac gcgtggttca tgaatgatcc 


ctcggcgcgg 


atgagcaacc 


cggagcacac 






afin awf mnd 


p s a r 


m s n 


p e h 


30 


1261 


gcagatcgag gacatcttcg tgtttctgaa 
tqie dif vfl 


tctgtggctg 
n 1 w 1 


gtggggtgct 
v g c 


gaggcagagt 
- g r 




1321 


gggaaggggg tcagcccact tcgcgcgtct 


ggaagaggat 


gacggcgacg 


gagaggaaga 


35 




vgrg sah far 


1 e e d 


d g d 


gee 



In the sequence of S279JM75bA2 provided above (DNA, SEQ ID NO:80; and 
amino acid sequence, SEQ ID NO:81), the coding sequence running from position 104 
40 through 1312 is shown on a grey background. Conserved structural motifs are shown 
underlined and in bold. 

The derived amino acid sequence showed the highest homology to a hypothetical 
protein (Y17D7A.2) from Caenorhabditis elegans (BlastP2; swisspir), although with a 
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very high E-value of 2.5 (i.e., indicating a non-reliable hit). The fact that no esterase is 
among the homologous proteins identified by the BlastP2-analysis indicates that this 
enzyme is a rather unusual "GDSL-type" esterase. Furthermore, the enzyme is 
characterized by unusually long peptides between the N-terminus and the "GDSL"-motif 

5 and the "DXXH"-motif of block V (containing the active site aspartic acid and histidine) 
and the C-terminus. The very C-terminal sequence shows similarity to a membrane 
lipoprotein lipid attachment site. A corresponding signal sequence of lipoproteins was not 
identified. The gene encoding M75bA5 was amplified but no further efforts were taken 
for this enzyme since it did not have the conserved amino acids typical of the 

1 0 perhydrolase of the present invention. 

u) Library S248 

The clone carrying the sequence-tag SP7_3j5h which could have been part of a 
gene encoding a "GDSL"-type esterase was identified (M3 IbAl 1), and the sequence was 

15 elongated. This facilitated the determination that this sequence did not encode a "GDSL- 
type" esterase, because block V could not be identified. The generation of this amplicon 
can be explained by an "unspecific" hybridization of primer 5h with the first mismatches 
at nucleotides 10, 14 and 15 from the 3 terminus of the primer. The sequence showed 
the highest homology to a hypothetical protein (K03E5.5) from Caenorhabditis elegans 

20 with an E-value of 1 .6, indicating a non-reliable hit. The sequence-tag from clone 
S248_M31bAll is provided below. 



25 1 cggaattatc atgctgggtt ttaatgacca gcgcgagagg atcaacgaca acctcgatta 

rny hag f - - p are dqr qprl 
g i i ml or £ n d qrer i'nd nld 
el scwv Imt sar gstt tsi 

30 61 ctgggacgcc taccactccg tcctgggcga gagacagttt tattccggca attccaagat 

lgr lpl rpgr etv lfr qfqd 
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121 

5 



181 

10 



241 

15 



301 

20 



361 

25 



421 

30 



481 

35 



541 

40 



601 



ywda yhs vlg erqf ysg nsk 
tgt pttp swa rds fipa ipr 

gttcgtcccc atcaccaaga tcgcggtgaa ggcgcgcaag acccggttca ccaatcagat 
vrp h'hq drge gaq dpv hqsd 
mfvp itk iav kark trf tnq 
ess pspr sr - rra rpgs pir 



ttttcctcag tccggccgca acgtcgatgt caccaccacg gacggcacac tcccccacgc 
fss vrp qrrc hhh grh tppr 

ifpq sgr nvd vttt d a t 1 p h 

ffl spaa tsm spp r t a h s p w t 

O0O_OQj00O 

caccatgtcc ctggtcgagc actacatccg ggcctgccgc ctgcgcaccc agatcgttcc 

hhv pgr alhp glp pah pdrs 

atms lve hyi racr lrt qiv 

ppc p .wss tts gpa acap r • s f 

ggccctgatc gttaacggcg attgcgaagg catgtacagc atctatgtcg gctggtcgaa 
gpd r - r rlrr hvq hlc rive 
pali v ng dee gmys iyv gws 
rp - slta iak act asms agr 

aaccaccaag catgttgttt caegtgaaac aaagccggtc gaaagcgacg gcatggaatt 
nhq acc ft-n kag rkr rhgi 
kttk hvv sre tkpv esd gme 
kpp s m 1 f hvk qsr skat awn 

tcccgaactg ggcgaagccg acgacatcac cgaagaaacg . cttgagtgtg gccttcccga 
srt grs rrhh rrn a - v wpsr 
fpel gea ddi teet lec glp 
fpn wakp tts pkk rlsv a f p 

catcgaattg ateteggacg ccgatcttct cgtccttcca ccagcgccga caacattcca 
hri dig rrss rps tsa dnip 
diel isd adl lvlp pap ttf 
tsn - srt pif ssf hqrr qhs 

aggegcttga gatgggcggg ttcggtcacg atcttgcgcc gtggacaagg gcaaggtccg 

rrl rwa gsvt ilr r gq- gqgp 

q g a ~ dgr vrs rsca vdk gkv 

kal emgg fgh dla pwtr ars 

cagatgatcg aegaggegeg atcaccgaga tgccgcgacg atctgtcgac gctatgtcac 

q-mi dea rspr crd dls tlch 
rr-s trr dhr daat icr ryv 

add rrga ite mpr rsvd ams 
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661 cagcgcatgt ccgacggtgg aatgcaagac aggtnggntn gatcgggg (SEQ ID NO:120) 
qrm sdg gmqd r?? ? s g (SEQ ID NO: 121) 
tsac ptv eck tg?? dr (SEQ ID NO: 122) 
5 ■ pah vrrw nar q?? ? i g (SEQ ID NO: 123) 



In the above sequence-tag of the clone S248_M3 IbAl 1, the primers 3j and 5h are 
indicated. Hybridization between primer and template is indicated by arrows, 
10 mismatches by open circles. Putative conserved structural motifs are indicated in bold 
and underlined. 

Several further sequence-tags were generated using different primer pairs of the 
primers 2 and 5 but none turned out to encode a "GDSL"-type esterases. The screening 
of this library was completed. 

15 

iii) Library M091 

The elongation of the amplicon SP3_lj5h, which was identified in the insert-DNA 
of clone M24dG12 proved that the corresponding sequence does not encode a "GDSL"- 
type esterase. Whereas the sequence encoding a putative block V (DGTHP; SEQ ID 
20 NO: 124) was found, the corresponding sequence encoding block I was missing. The 
amplicon was generated due to an <4 unspecific" hybridization of primer Ij with the first 
mismatches at positions 5, 10, 11 and 12 from the 3' -terminus of the primer. The 
sequence-tag of clone M091_ M24dG12 s shown below: 

25 

1 gcctgatggc ttcgagttcg tcgaattcac ctcgccccag cccggcgtgc tggaggcggt 

a - w lrv rrih lap ar r aggg 
pdg fef vef tspq pgv lea 
30 Imassssnsprpspacwrr 

61 gtttgaaaag ctgggtttca ccctggtcgc caagcaccgg tccaaggatg tggtgctgta 

v-k agf hpgr qap vqg cgav 
35 vfeklgftlvakhrskdvvl 
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elk swvs-pws pst gprm wee 

121 ccgccagaac ggcatcaact tcatcctgaa ccgcgagccc cacagccagg ccgcctactt 

5 ppe rhq lhpe pra pqp grll 

yrqn gin fil nrep hsq aay 
ta r tast s s - tas ptar ppt 

10 181 tggtgccgag catggcccct ccgcctgtgg cctggccttc cgtgtgaagg atgcgcataa 

wcr awp lrlw pgl pee g c a - 

fgae hgp sac glaf rvk dah^ 
15 Ivp smap ppv awp s v - r mri 

241 ggcttataac cgcgcgctgg aactgggege ccagcccatc gagatcccca ccggccccat 

g 1 - pra gtgr pah rdp hrp h 

20 

kayn ral elg aqpi.ei p tgp 
rli tarw nwa psp srsp pap 

(yj?XX&—- m 01CP--0~ G OOP O 

301 ggaactgege ctgcccgcca tcaagggcat tggcggcgcc gectctgtat ttgatcgacc 

gta par hqgh wrr rlc i-st 

melr lpa ikg igga asv fd r 
wnc aepp sra laa pply lid 

361 gctttgaaga cggcaagtcc atctacgaca tcgacttcga gttcatcgaa ggcgtggacc 

alk tas pstt sts sss kawt 
pl-r rqv hlr hrlr vhr rrg 
35 rfe dgks iyd idf efie gvd 

421 gccgccccgc ggggcatggc ctgaacgaga tcgatcacct cacgcacaac gtgtaccggg 

aap rgm a-tr sit srt tctg 
40 PPP* gaw per-drsp haq r vp 

r r p a g h a 1 n e idh lthn vyr 

481 gccgcatggg cttctgggcc aacttctacg aaaagctgtt caacttccgc gaaatccget 

45 aawasgptst ksc stsaksa 

gphgllgqllrkavqlprnp 
grm gfwa nfy ekl fnfr eir 



25 



30 



50 



541 acttcgacat ecagggegaa tacacgggcc tgacctccaa ggccatgacc gcgcccgacg 

tst sra ntra - pp rp - prpt 
llrh pgr ihg pdlq ghd rar 
yfd iqge ytg Its kamt apd 



55 601 gcaagattcg catcccgctg aacgaagagt ccaagcaggg cggcggccag atcgaagaat 

arf asr - tks psr aaa rskn 
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15 



30 



35 



40 



rqds hpa err vqag rrp drr 
gki ripl nee skq gggq iee 

5 661 ttttgatgca attcaacggc gagggcattc agcacatcgc gctgatctgc gacaacctgc 

f-c nst araf sts-r-s attc 

ifda iqr rgh sahr adl rqp 
10 flm qfng egi qhi-alic dn l 

721 tggacgtggt ggacaagctg ggcatggccg gcgtgcagct ggccaccgcg cccaacgagg 

w t w . . w t s wawp acs wpp rptr 



i g r g gqa ghg rraa ghr aqr 
Idv vdkl gma gvq lata pne 



20 781 tctattacga aatgctggac acccgcctgc ccggccacgg ccagccggtg cccgagctgc 

sit kcw tpac pat as'r cpsc 

gllr nag hpp arpr pag ara 
25 vyy emldtrl pgh gqpvpel 

«4 ooo— ooooo 

841 agtcgcgcgg catcttgctg gacggcacca cggccgacgg cacgcacccg cctgctagct 

sra asc wtap rpt art rlla 

avar hla grh hgrr hap a c - 
qsr gill dgt ta d a t h p pas 

coo-o 

901 tcagatcttc tccacgccca tgctgggccc ggtgttcttc gaattcatcc agcgcgaggg 
sdl lha hagp gvl rih parg 

lqif stp mlg pvff efiqre 
frs sprp cwa res snss sar 

961 cgactaccgc gaeggctttg gcgaaggcaa ettcaaggeg ctgttcgagt cgctggaacg 

ri p rrl wrrq lqg avr vagt 

45 gdyrdgfgegnfkalfesle 
att atal aka tsr rcss rwn 

1021 cgaccagatc cgccgtggtg tgctgaacac ataagacatc agacatccag ggttaaccct 

50 rpdppwcaeh irh qts rvnp 

rdqi rrg vln t-di rhp git 
atr savv c-t hkt sdiq g-p 

55 1081 gcacaggtgc etatactgeg cgctccccgg aactcaaaag gatcccgatg tcgctccgta 
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aqv pil rapr nsk gsr crsv 

Ihrc lyc alp gtqk dpd vap 

ctg ayta rsp elk ripm sir 

5 

1141 gcaccctgtt cagcaccctt ttggccggcg cagccactgt cgcgctggcg cagaacccgt 

ape sap fwpa qpl srw rrtr 

10 -hpvqhpfgrrshcragaep 
stl fstl lag aat vala qnp 

1201 ctgcccgctc acatcg (SEQ ID NO: 125) 

1 p a hi (SEQ ID NO:126) 

15 v c p 1 t s (SEQ ID NO: 127) 

s a r s h (SEQ ID NO: 128) 



Sequence-tag of the clone M091 _M24dG12. The primers lj and 5h are indicated 
20 in the above sequence-tag of the clone M091_M24dGl 2. Hybridization between primer 
and template is indicated by arrows, mismatches by open circles. Putative conserved 
structural motifs are depicted in bold and underlined, 

A further sequence-tag (SPl_2b5h) was generated using the primer pair 2b/5h. A 
BlastX-analysis of the sequence from this tag yielded the highest homology to an 
25 arylesterase from Agrobacterium tumefaciens, with 70% identity. The single clone 

carrying the corresponding gene was identified (M4aEl 1) and the full length sequence 
determined to be as shown below: 



1 atgaagacca ttctcgccta tggegacage ctgacctatg gggccaaccc gatcccgggc 
30 mktilay cr d s 1 ty gan pipg 

61 gggccgcggc atgcctatga ggatcgctgg cccacggcgc tggagcaggg getgggegge 
gpr hay edrw pta leq glgg 

35 121 aaggcgcggg tgattgeega ggggctgggt ggtcgcacca cggtgcatga cgact^gttt 

kar via eglg art t v h d d w f 



40 



181 gegaatgegg acaggaaegg tgcgcgggtg ctgccgacgc tgctcgagag ccattcgccg. 

ana drn garv lpt lie shsp 

241 ctcgacctga tegtcatcat gctcggcacc aacgacatca agccgcatca egggeggacg 



119 



§>C Ts™& 2005/056782J.O 1*3 8 PCT/US2004/040438 
GC821-2 



1 d 1 ivi ml at n d i kph hgrt 

301 gccggcgagg ccgggcgggg catggcgcgg ctggtgcaga tcatccgcgg gcactatgcc 
age agr gmar lvq iir ghya 

5 

361 ggccgcatgc aggacgagcc gcagatcatc ctcgtgtcgc cgccgccgat catcctcggc 
grm qde pqii lvs ppp iilg 

421 gactgggcgg acatgatgga ccatttcggc ccgcacgaag cgatcgccac ctcggtggat 
10 dwadmmdhfgpheaiatsvd 

481 ttcgctcgcg agtacaagaa gcgggccgac gagcagaagg tgcatttctt cgacgccggc 
far eyk krad eqk vhf fdag 

15 541 acggtggcga cgaccagcaa ggccgatggc atccacctcg acccggccaa tacgcgcgcc 

tva tts ka d cr i h 1 d p a n t r a 



20 



601 atcggggcag ggctggtgcc gctggtgaag caggtgctcg gcctgtaa(SEQ ID NO: 129) 
iga glv plvk qvl gl -(SEQ ID NO: 130) 



In the above sequence, the conserved structural motifs are shown in bold and 
underlined. The BlastP-analysis with the deduced full length amino acid sequence 
identified the same hit with a identity of 48%. The primary structure of this enzyme 

25 showed the "GRTT'-motif proving the usefulness of the primers directed towards block 2 
for the identification of "GRTT'-esterases. The gene was amplified to introduce unique 
restriction enzyme recognition sites and the absence of second site mutations was 
confirmed by sequencing. The gene was ligated to pET26 and was expressed in E, coli 
Rosetta (DE3). The vector map is provided in Figure 5. Expression and control strains 

30 were cultivated in LB in the presence of kanamycin (25 jig/ml), chloramphenicol (12.5 
lig/ml), and 1% glucose. At an ODsso of 1, expression was induced by addition of 100 
jxM IPTG. Samples were taken at 2, 4, and 20 hours after induction. Cells were 
separated from the culture supernatant by centrifugation and after resuspending in sample 
buffer, they wee incubated for 10 minutes at 90°C. An amount of cells representing an 

35 OD58O of 0.1 was applied to a 4-12% acryl amide gradient gel, which was stained with 
Coomassie Brilliant Blue R250. 
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Strong overexpression of the gene was detected already 2 h after induction with 
100 fiM IPTG, as determined by SDS-PAGE analysis of crude cell extracts from E. coli 
Rosetta (DE3) pET26_M4aEl 1. The amount of protein representing M4aEl 1 (calculated 
size 23 .2 kDa) increased further over time. 

5 Esterase activity of crude cell extracts from strains expressing the "GDSL"-type 

esterase M4aEl 1 was determined. An amount of cells corresponding to an O.D.sso = 2 
were resuspended in 200 nl of 5mM Tris/HCl pH 8.0, and lysed by ultrasonication. 
Then, 20 jml of each sample were used to determine the esterase activity towards p- 
nitrophenyl butyrate in a total volume of 200 |xl. The activity was corrected for the 

10 background activity of the control strain. The activity towards p-nitrophenylbutyrate 
reached about 125 nmol/ml x min 20 h after induction. 

In addition, SDS-PAGE analysis of the soluble and insoluble fraction of crude cell 
extracts from E. coli Rosetta (DE3) pET26_M4aEl 1 was conducted. Cells from a culture 
induced with 1 00 \iM IPTG and harvested 4 h and 20h after induction were lysed by 

1 5 ultrasonication and separated into soluble and insoluble fraction by centrifugation. 

Sample buffer was added and directly comparable amounts of soluble and insoluble 
fractions were applied to a 4-12% acryl amide gradient gel, which was stained with 
Coomassie Brilliant Blue R250. The results of this analysis of the solubility revealed that 
M4aEl 1 is partially (estimated 80%) soluble. The screening of the library M091 was 

20 completed. 

Thus, in total nine different "GDSL"-type esterases were identified in 6 different 
large insert metagenomic libraries and the esterases/lipases BRAIN'S library comprising 
more than 4.3 Gbp. Eight of these genes were heterologously expressed in E. coli. The 
resulting enzyme samples of seven clones were characterized for the desired perhydrolase 
25 activity. Two of the enzymes displayed this activity. Table 3 summarizes the screening, 
expression and characterization of the metagenomic "GDSL"-type esterases. 
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Table 3: Expression and Characterization of Metagenomic "GDSL"-Type Esterases 



GDSL -type 


Homology 1 


Expression 2 


Solubility 3 Activity 4 


Perhydrolase 


Esterase 




Level 






Activity 


S248 M2bBll 


12.9% 


++ 


+ 


136 




S248 M40cD4 


14.8% 


+++ 


++ 


50 


> 


S248 M44aA5 


12.4% 


+++ 


++ 


75 


-/+ 


S261 M2aA12 


36.9% 


++ 


-H- 


72 


+ 7 


S279 M70aE8 


11.9% 


+++ 


+ 


167 




S279 M75bA2 


5.7% 


n.d 5 . 


n.d. 


n.d. 


n.d. 5 


M091 M4aEll 


33.9% 


+++ 


++ 


125 


n.d. 


Estl05 


4.3% 


+-H- 






n.d. 


Estll4 


7.8% 


n.d. 


n.d. 


13 





identity to the prototype enzyme from M. smegmatis calculated with the dialign 
algorithm (Morgenstern a/., 1996) 

2 expression level: + moderate overexpression; ++ strong overexpression; +++ 
5 very 

strong overexpression as judged from SDS-P AGE-analysis 

3 as judged by SDS-PAGE-analysis 

4 towards /?-nitrophenyl butyrate; given as nmol/(ml x min) 

5 not determined 

1 0 Serhydrolysis activity 2x background 

perhydrolase activity more than 2x background 



1 5 Engineering of the Perhydrolase 

Based on the structure of the perhydrolase, residues which may alter substrate 
specificity {e.g., Km, kcat, Vmax, chain length, etc.) and or the multimeric nature of the 
protein wore identified. However, it is not intended that the present invention be limited 
to any particular residues. Nonetheless, site saturation libraries of residues D10, LI 2, 
20 T13, W14, W16, S54, A55, N94, K97, Y99, P146, W149, F150, 1194, F196, are 

constructed, as well as combinatorial libraries of residues: E51 A, Y73A, H81D, T127Q 
and single mutations of the active site residues D192A, HI 95 A and a site saturation 
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library of the conserved D95. Methods for production of such libraries are known to 
those skilled in the art and include commercially available kits as the Stratagene 
Quikchange™ Site-directed mutagenesis kit and/or Quikchange™ Multi-Site-directed 
mutagenesis kit 

5 

Perhydrolase Activity 

The use of enzymes obtained from microorganisms is long-standing. Indeed there 
are numerous biocatalysts known in the art. For example, U.S. Patent No. 5,240,835 
(herein incorporated by reference) provides a description of the transacylase activity of 

10 obtained from C. oxydans and its production. In addition, U.S. Patent No. 3,823,070 
(herein incorporated by reference) provides a description of a Corynebacterium that 
produces certain fatty acids from an n-paraffin. U.S. Patent No. 4,594,324 (herein 
incorporated by reference) provides a description of a Methylcoccus capsulatus that 
oxidizes alkenes. Additional biocatalysts are known in the art {See e.g., U.S. Patent Nos. 

15 4,008,125 and 4,415,657; both of which are herein incorporated by reference). EP 0 280 
232 describes the use of a C. oxydans enzyme in a reaction between a diol and an ester of 
acetic acid to produce monoacetate. Additional references describe die use of a C 
oxydans enzyme to make chiral hydroxycarboxylic acid from a prochiral diol. Additional 
details regarding the activity of the C. oxydans transacylase as well as the culture of C. 

20 oxydans, preparation and purification of the enzyme are provided by U.S. Patent No. 

5,240,835 (incorporated by reference, as indicated above). Thus, the transesterification 
capabilities of this enzyme, using mostly acetic acid esters were known. However, the 
determination that this enzyme could carry out perhydrolysis reaction was quite 
unexpected. It was even more surprising that these enzymes exhibit very high 

25 efficiencies in perhydrolysis reactions. For example, in the presence of tributyrin and 
water, the enzyme acts to produce butyric acid, while in the presence of tributyrin, water 
and hydrogen peroxide, the enzyme acts to produce mostly peracetic acid and very little 
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butyric acid. This high perhydrolysis to hydrolysis ratio is a unique property exhibited by 
the perhydrolase class of enzymes of the present invention and is a unique characteristic 
that is not exhibited by previously described lipases, cutinases, nor esterases. 
The perhydrolase of the present invention is active over a wide pH and 
5 temperature range and accepts a wide range of substrates for acyl transfer. Acceptors 

include water (hydrolysis), hydrogen peroxide (perhydrolysis) and alcohols (classical acyl 
transfer). For perhydrolysis measurements, enzyme is incubated in a buffer of choice at a 
specified temperature with a substrate ester in the presence of hydrogen peroxide. 
Typical substrates used to measure perhydrolysis include esters such as ethyl acetate, 

10 triacetin, tributyrin, ethoxylated neodol acetate esters, and others. In addition, the wild 
type enzyme hydrolyzes nitrophenylesters of short chain acids. The latter are convenient 
substrates to measure enzyme concentration. Peracid and acetic acid can be measured by 
the assays described herein. Nitrophenylester hydrolysis is also described. 

Although the primary example used during the development of the present 

1 5 invention is the M smegmatis perhydrolase, any perhydrolase obtained from any source 
which converts the ester into mostly peracids inthe presence of hydrogen peroxide finds 
use in the present invention. 

Substrates 

20 In some preferred embodiments of the present invention, esters comprising 

aliphatic and/or aromatic carboxylic acids and alcohols are utilized with the perhydrolase 
enzymes of the present invention. In some preferred embodiments, the substrates are 
selected from one or more of the following: formic acid, acetic acid, propionic acid, 
butyric acid, valeric acid, caproic acid, caprylic acid, nonanoic acid, decanoic acid, 

25 dodecanoic acid, myristic acid, palmitic acid, stearic acid, and oleic acid. In additional 
embodiments, triacetin, tributyrin, neodol esters, and/or ethoxylated neodol esters serve 
as acyl donors for peracid formation. 
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Cleaning and Detergent Formulations 

The detergent compositions of the present invention are provided in any suitable 
form, including for example, as a liquid diluent, in granules, in emulsions, in gels, and 

5 pastes. When a solid detergent composition is employed, the detergent is preferably 

formulated as granules. Preferably, the granules are formulated to additionally contain a 
protecting agent (See e.g., U.S. Appln. Ser. No. 07/642,669 filed January 17, 1991, 
incorporated herein by reference). Likewise, in some embodiments, the granules are 
formulated so as to contain materials to reduce the rate of dissolution of the granule into 

10 the wash medium (See e.g., U.S. Patent No. 5,254,283, incorporated herein by reference 
in its entirety). In addition, the perhydrolase enzymes of the present invention find use in 
formulations in which substrate and enzyme are present in the same granule. Thus, in 
some embodiments, the efficacy of the enzyme is increased by the provision of high local 
concentrations of enzyme and substrate (See e.g., U.S. Patent Application Publication 

15 US2003/0191033, herein incorporated by reference). 



useful in compositions comprising the protein mutants of the invention. These include 
nonionic, anionic, cationic, anionic or zwitterionic detergents (See e.g., U.S. Patent Nos 

20 4,404,128 and 4,261 ,868). A suitable detergent formulation is that described in U.S. 

Patent No. 5,204,01 5 (previously incorporated by reference). Those in the art are familiar 
with the different formulations which find use as cleaning compositions. As indicated 
above, in some preferred embodiments, the detergent compositions of the present 
invention employ a surface active agent (i.e., surfactant) including anionic, non-ionic and 

25 ampholytic surfactants well known for their use in detergent compositions. Some 
surfactants suitable for use in the present invention are described in British Patent 
Application No. 2 094 826 A, incorporated herein by reference. In some embodiments, 



Many of the protein variants of the present invention are useful in formulating 
various detergent compositions. A number of known compounds are suitable surfactants 
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mixtures surfactants are used in the present invention. 

Suitable anionic surfactants for use in the detergent composition of the present 

invention include linear or branched alkylbenzene sulfonates; alkyl or alkenyl ether 

sulfates having linear or branched alkyl groups or alkenyl groups; alkyl or alkenyl 
5 sulfates; olefin sulfonates; alkane sulfonates and the like. Suitable counter ions for 

anionic surfactants include alkali metal ions such as sodium and potassium; alkaline earth 

metal ions such as calcium and magnesium; ammonium ion; and alkanolamines having 1 

to 3 alkanol groups of carbon number 2 or 3. 

Ampholytic surfactants that find use in the present invention include quaternary 
10 ammonium salt sulfonates, betaine-type ampholytic surfactants, and the like. Such 

ampholytic surfactants have both the positive and negative charged groups in the same 

molecule. 

Nonionic surfactants that find use in the present invention generally comprise 
polyoxyalkylene ethers, as well as higher fatty acid alkanolamides or alkylene oxide 

1 5 adduct thereof, fatty acid glycerine monoesters, and the like. 

In some preferred embodiments, the surfactant or surfactant mixture included in 
the detergent compositions of the present invention is provided in an amount from about 
1 weight percent to about 95 weight percent of the total detergent composition and 
preferably from about 5 weight percent to about 45 weight percent of the total detergent 

20 composition. In various embodiments, numerous other components are included in the 
compositions of the present invention. Many of these are described below. It is not 
intended that the present invention be limited to these specific examples. Indeed, it is 
contemplated that additional compounds will find use in the present invention. The 
descriptions below merely illustrate some optional components. 

25 Proteins, particularly the perhydrolase of the present invention can be formulated 

into known powdered and liquid detergents having pH between 3 and 12.0, at levels of 
about .001 to about 5% (preferably 0.1% to 0.5%) by weight. In some embodiments, 
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these detergent cleaning compositions further include other enzymes such as proteases, 
amylases, mannanases, peroxidases, oxido reductases, cellulases, lipases, cutinases, 
pectinases, pectin lyases, xylanases, and/or endoglycosidases, as well as builders and 
stabilizers. 

5 In addition to typical cleaning compositions, it is readily understood that 

perhydrolase variants of the present invention find use in any purpose that the native or 
wild-type enzyme is used. Thus, such variants can be used, for example, in bar and liquid 
soap applications, dishcare formulations, surface cleaning applications, contact lens 
cleaning solutions or products, , waste treatment, textile applications, pulp-bleaching, 

10 disinfectants, skin care, oral care, hair care, etc. Indeed, it is not intended that any 

variants of the perhydrolase of the present invention be limited to any particular use. For 
example, the variant perhydrolases of the present invention may comprise, in addition to 
decreased allergenicity, enhanced performance in a detergent composition (as compared 
to the wild-type or unmodified perhydrolase). 

15 The addition of proteins to conventional cleaning compositions does not create 

any special use limitations. In other words, any temperature and pH suitable for the 
detergent are also suitable for the present compositions, as long as the pH is within the 
range in which the enzyme(s) is/are active, and the temperature is below the described 
protein's denaturing temperature. In addition, proteins of the invention find use in 

20 cleaning, bleaching, and disinfecting compositions without detergents, again either alone 
or in combination with a source of hydrogen peroxide, an ester substrate (e.g. 9 either 
added or inherent in the system utilized, such as with stains that contain esters, pulp that 
contains esters etc), other enzymes, surfactants, builders, stabilizers, etc. Indeed it is not 
intended that the present invention be limited to any particular formulation or application. 

25 

Substrates 
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In some preferred embodiments of the present invention, esters comprising 
aliphatic and/or aromatic carboxylic acids and alcohols are utilized with the perhydrolase 
enzymes in the detergent formulations of the present invention. In some preferred 
embodiments, the substrates are selected from one or more of the following: formic acid, 
acetic acid, propionic acid, butyric acid, valeric acid, caproic acid, caprylic acid, nonanoic 
acid, decanoic acid, dodecanoic acid, myristic acid, palmitic acid, stearic acid, and oleic 
acid. Thus, in some preferred embodiments, detergents comprising at least one 
perhydrolase, at least one hydrogen peroxide source, and at least one ester acid are 
provided. 



Hydrolases 

In addition to the perhydrolase described herein, various hydrolases find use in the 
present invention, including but not limited to carboxylate ester hydrolase, thioester 
hydrolase, phosphate monoester hydrolase, and phosphate diester hydrolase which act on 
15 ester bonds; a thioether hydrolase which acts on ether bonds; and a-amino-acyl-peptide 

hydrolase, peptidyl-amino acid hydrolase, acyl-amino acid hydrolase, dipeptide hydrolase, 
and peptidyl-peptide hydrolase which act on peptide bonds, all these enzymes having high 
perhydrolysis to hydrolysis ratios (e.g., >1). Preferable among them are carboxylate ester 
hydrolase, and peptidyl-peptide hydrolase. Suitable hydrolases include: (1) proteases 
20 belonging to the peptidyl-peptide hydrolase class (e.g., pepsin, pepsin B, rennin, trypsin, 
chymotrypsin A, chymotrypsin B, elastase, enterokinase, cathepsin C, papain, 
chymopapain, ficin, thrombin, fibrinolysin, renin, subtilisin, aspergillopeptidase A, 
collagenase, clostridiopeptidase B, kallikrein, gastrisin, cathepsin D, bromelin, keratinase, 
chymotrypsin C, pepsin C, aspergillopeptidase B, urokinase, carboxypeptidase A and B, 
25 and aminopeptidase); (2) carboxylate ester hydrolase including carboxyl esterase, lipase, 
pectin esterase, and chlorophyllase; and (3) enzymes having high perhydrolysis to 
hydrolysis ratios. Especially effective among them are lipases, as well as esterases that 



128 



WO 2005/056782, . . « PCT/US2004/040438 

y 5» « *tv "♦•ut HKsS o 
GC821-2 



exhibit high perhydrolysis to hydrolysis ratios, as well as protein engineered esterases, 
cutinases, and lipases, using the primary, secondary, tertiary, and/or quaternary structural 
features of the perhydrolases of the present invention. 

The hydrolase is incorporated into the detergent composition as much as required 
according to the purpose. It should preferably be incorporated in an amount of 0.0001 to 
5 weight percent, and more preferably 0.02 to 3 weight percent,. This enzyme should be 
used in the form of granules made of crude enzyme alone or in combination with other 
enzymes and/or components in the detergent composition. Granules of crude enzyme are 
used in such an amount that the purified enzyme is 0.001 to 50 weight percent in the 
granules. The granules are used in an amount of 0.002 to 20 and preferably 0.1 to 10 
weight percent. In some embodiments, the granules are formulated so as to contain an 
enzyme protecting agent and a dissolution retardant material <i.e., material that regulates 
the dissolution of granules during use). 

r-tinni. S u rfactants and I n^-Chum Fatty Arid Salts 

Such cationic surfactants and long-chain fatty acid salts include saturated or fatty 
acid salts, alkyl or alkenyl ether carboxylic acid salts, a-sulfofatty acid salts or esters, 
amino acid-type surfactants, phosphate ester surfactants, quaternary ammonium salts 
including those having 3 to 4 alkyl substituents and up to 1 phenyl substituted alkyl 
substituents. Suitable cationic surfactants and long-chain fatty acid salts include those 
disclosed in British Patent Application No. 2 094 826 A, the disclosure of which is 
corporated herein by reference. The composition may contain from about 1 to about 20 
ght percent of such cationic surfactants and long-chain fatty acid salts. 



in 
wei 



Builders 

In some embodiments of the present invention, the composition contains from 
about 0 to about 50 weight percent of one or more builder components selected from the 
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group consisting of alkali metal salts and alkanolamine salts of the following compounds: 
phosphates, phosphonates, phosphonocarboxylates, salts of amino acids, * 
aminopolyacetates high molecular electrolytes, non-dissociating polymers, salts of 
dicarboxylic acids, and aluminosilicate salts. Examples of suitable divalent sequestering 
5 agents are disclosed in British Patent Application No. 2 094 826 A, the disclosure of 
which is incorporated herein by reference. 

In additional embodiments, compositions of the present invention contain from 
about 1 to about 50 weight percent, preferably from about 5 to about 30 weight percent, 
based on the composition of one or more alkali metal salts of the following compounds as 
10 the alkalis or inorganic electrolytes: silicates, carbonates and sulfates as well as organic 
alkalis such as triemmolamine, diethanolamine, monoethanolamine and 
triisopropanolamine. 

Anti-tt^r-nngitinn Afftnts 

15 In yet additional embodiments of the present invention, the compositions contain 

from about 0.1 to about 5 weight percent of one or more of the following compounds as 
antiredeposition agents: polyethylene glycol, polyvinyl alcohol, polyvinylpyrrolidone and 
carboxymethylcellulose. In some preferred embodiments, a combination of 
carboxymethyl-cellulose and/or polyethylene glycol are utilized with the composition of 

20 the present invention as useful dirt removing compositions. 

Pt1f.aoV.ing Agents 

The use of the perhydrolases of the present invention in combination with 
additional bleaching agent(s) such as sodium percarbonate, sodium perborate, sodium 
25 sulfate/hydrogen peroxide adduct and sodium chloride/hydrogen peroxide adduct and/or a 
photo-sensitive bleaching dye such as zinc or aluminum salt of sulfonated phthalocyanine 
further improves the detergent effects. In additional embodiments, the perhydrolases of 
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the present invention are used in combination with bleach boosters (e.g., TAED and/or 
NOBS). 

Pining Agents and Fliinresp.ftnt Dyes 

5 In some embodiments of the present invention, bluing agents and fluorescent 

dyes are incorporated in the composition. Examples of suitable bluing agents and 
fluorescent dyes are disclosed in British Patent Application No. 2 094 826 A, Ihe 
disclosure of which is incorporated herein by reference. 

10 Caking Tnhihitrtrs 

In some embodiments of the present invention in which the composition is 
powdered or solid, caking inhibitors are incorporated in the composition. Examples of 
suitable caking inhibitors include p-toluenesulfonic acid salts, xylenesulfonic acid salts, 
acetic acid salts, sulfosuccinic acid salts, talc, finely pulverized silica, clay, calcium 
1 5 silicate (e.g., Micro-Cell by Johns Manville Co.), calcium carbonate and magnesium 
oxide. 

Antioxidants 

The antioxidants include, for example, tert-butyl-hydroxytoluene, 4,4'- 
20 butylidenebis(6-tert-butyl-3-memylphenol),2,2'-butylidenebis(6-tert-butyl^ 

methylphenol), monostyrenated cresol, distyrenated cresol, monostyrenated phenol, 
distyrenated phenol and l,l-bis(4-hydroxy-phenyl)cyclohexane. 

Snlnhilizers 

25 In some embodiments, the compositions of the present invention also include 

solubilizers, including but not limited to lower alcohols (e.g., ethanol, benzenesulfonate 
salts, and lower alkylbenzenesulfonate salts such as p-toluenesulfonate salts), glycols 
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such as propylene glycol, acetylbenzene-sulfonate salts, acetamides, pyridinedicarboxylic 
acid amides, benzoate salts and urea. 

In some embodiments, the detergent composition of die present invention are used 
in a broad pH range of from acidic to alkaline pH. In a preferred embodiment, the 

5 detergent composition of the present invention is used in mildly acidic, neutral or alkaline 
detergent wash media having a pH of from above 4 to no more than about 12. 

In addition to the ingredients described above, perfumes, buffers, preservatives, 
dyes and the like also find use with the present invention. These components are 
provided in concentrations and forms known to those in the art. 

10 In some embodiments, the powdered detergent bases of the present invention are 

prepared by any known preparation methods including a spray-diying method and a 
granulation method. The detergent base obtained particularly by the spray-drying method 
and/or spray-drying granulation method are preferred. The detergent base obtained by the 
spray-drying method is not restricted with respect to preparation conditions. The 

1 5 detergent base obtained by the spray-drying method is hollow granules which are 

obtained by spraying an aqueous slurry of heat-resistant ingredients, such as surface 
active agents and builders, into a hot space. After the spray-drying, perfumes, enzymes, 
bleaching agents, inorganic alkaline builders may be added. With a highly dense, 
granular detergent base obtained such as by the spray-drying-granulation method, various 

20 ingredients may also be added after the preparation of the base. 

When the detergent base is a liquid, it may be either a homogeneous solution or an 
inhomogeneous dispersion. 

The detergent compositions of this invention may be incubated with fabric, for 
example soiled fabrics, in industrial and household uses at temperatures, reaction times 

25 and liquor ratios conventionally employed in these environments. The incubation 
conditions (i.e., the conditions effective for treating materials with detergent 
compositions according to the present invention), are readily ascertainable by those of 
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skill in the art. Accordingly, the appropriate conditions effective for treatment with the 
present detergents correspond to those using similar detergent compositions which 
include wild-type perhydrolase. 

As indicated ahove, detergents according to the present invention may 

5 additionally be formulated as a pre-wash in the appropriate solution at an intermediate pH 
where sufficient activity exists to provide desired improvements softening, depilling, 
pilling prevention, surface fiber removal or cleaning. When the detergent composition is 
a pre-soak (e.g., pre-wash or pre-treatment) composition, either as a liquid, spray, gel or 
paste composition, the perhydrolase enzyme is generally employed from about 0.00001% 

10 to about 5% weight percent based on the total weight of the pre-soak or pre-treatment 
composition. In such compositions, a surfactant may optionally be employed and when 
employed, is generally present at a concentration of from about 0.0005 to about 1 weight 
percent based on the total weight of the pre-soak. The remainder of the composition 
comprises conventional components used in the pre-soak {e.g., diluent, buffers, other 

1 5 enzymes (proteases), etc.) at their conventional concentrations. 

Cleaning Compositions Comprising Perhydrolase 

The cleaning compositions of the present invention maybe advantageously 
employed for example, in laundry applications, hard surface cleaning, automatic 

20 dishwashmg applications, as well as cosmetic applications such as dentures, teeth, hair 
and skin. However, due to the unique advantages of increased effectiveness in lower 
temperature solutions and the superior color-safety profile, the enzymes of the present 
invention are ideally suited for laundry applications such as the bleaching of fabrics. 
Furthermore, the enzymes of the present invention find use in both granular and liquid 

25 compositions. 

The enzymes of the present invention also find use in cleaning additive products. 
Cleaning additive products including the enzymes of the present invention are ideally 
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suited for inclusion in wash processes where additional bleaching effectiveness is desired. 
Such instances include, but are not limited to low temperature solution cleaning 
applications. The additive product may be, in its simplest form, one or more of the 
enzymes of the present invention. Such additive may be packaged in dosage form for 

5 addition to a cleaning process where a source of peroxygen is employed and increased 
bleaching effectiveness is desired. Such single dosage form may comprise a pill, tablet, 
gelcap or other single dosage unit such as pre-measured powders or liquids. A filler or 
carrier material may be included to increase the volume of such composition. Suitable 
filler or carrier materials include, but are not limited to, various salts of sulfate, carbonate 

10 and silicate as well as talc, clay and the like. Filler or carrier materials for liquid 

compositions may be water or low molecular weight primary and secondary alcohols 
including polyols and diols. Examples of such alcohols include, but are not limited toi 
methanol, ethanol, propanol and isopropanol. The compositions may contain from about 
5% to about 90% of such materials. Acidic fillers can be used to reduce pH. 

1 5 Alternatively, the cleaning additive may include activated peroxygen source defined 
below or the adjunct ingredients as defined below. 

The cleaning compositions and cleaning additives of the present invention require 
an effective amount of the enzymes provided by the present invention. The required level 
of enzyme may be achieved by the addition of one or more species of the AT. smegmatis 

20 perhydrolase, variants, homologues, and/or other enzymes or enzyme fragments having 

the activity of the enzymes of the present invention. Typically, the cleaning compositions 
of the present invention comprise at least 0.0001 weight percent, from about 0.0001 to 
about 1, from about 0.001 to about 0.5, or even from about 0.01 to about 0.1 weight 
percent of at least one enzyme of the present invention. 

25 In some embodiments, the cleaning compositions of the present invention 

comprise a material selected from the group consisting of a peroxygen source, hydrogen 
peroxide and mixtures thereof, said peroxygen source being selected from the group 
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consisting of: 

(i) from about 0.01 to about 50, from about 0.1 to about 20, or even from 
about 1 to 10 weight percent of a per-salt, an organic peroxyacid, urea hydrogen peroxide 
and mixtures thereof; 

5 (ii) from about 0.01 to about 50, from about 0.1 to about 20, or even from 

about 1 to 10 weight percent of a carbohydrate and from about 0.0001 to about 1, from 
about 0.001 to about 0.5, from about 0.01 to about 0.1 weight percent carbohydrate 
oxidase; and 

(iii) mixtures thereof. 
10 Suitable per-salts include those selected from the group consisting of alkalimetal 

perborate, alkalimetal percarbonate, alkalimetal perphosphates, alkalimetal persulphates 
and mixtures thereof. 

The carbohydrate may be selected from the group consisting of mono- 
carbohydrates, di-carbohydrates, tri-carbohydrates, oligo-carbohydrates and mixtures 
15 thereof. Suitable carbohydrates include carbohydrates selected from the group consisting 
of D-arabinose, L-arabinose, D-Cellobiose, 2-Deoxy-D-galactose, 2-Deoxy-D-ribose, D- 
Fructose, L-Fucose, D-Galactose, D-glucose, D-glycero-D-gulo-heptose, D-lactose, D- 
Lyxose, L-Lyxose, D-Maltose, D-Mannose, Melezitose, L-Melibiose, Palatinose, D- 
Raffinose, L-Rhamnose, D-Ribose, L-Sorbose, Stachyose, Sucrose, D-Trehalose, D- 
20 Xylose, L-Xylose and mixtures thereof. 

Suitable carbohydrate oxidases include carbohydrate oxidases selected from the 
group consisting of aldose oxidase (IUPAC classification EC1. 1.3.9), galactose oxidase 
(IUPAC classification EC1. 1.3.9), cellobiose oxidase (IUPAC classification EC1. 1.3.25), 
pyranose oxidase (IUPAC classification EC1.1.3.10), sorbose oxidase (IUPAC 
25 classification EC1 .1 .3.1 1) and/or hexose oxidase (IUPAC classification EC1 .1 .3.5), 
Glucose oxidase (IUPAC classification EC1. 1.3.4) and mixtures thereof. 

In some preferred embodiments, the cleaning compositions of the present 
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invention also include from about 0.01 to about 99.9, from about 0.01 to about 50, from 
about 0.1 to 20, or even from about 1 to about 15 weight percent a molecule comprising 
an ester moiety. Suitable molecules comprising an ester moiety may have the formula: 

5 R^aCR^mCR 3 )^ 

wherein R 1 is a moiety selected from the group consisting of H or a substituted or 
unsubstituted alkyl, heteroalkyl, alkenyl, alkynyl, aryl, alkylaryl, alkylheteroaryl, and 
heteroaryl; in one aspect of the present invention, R 1 may comprise from 1 to 50,000 
10 carbon atoms, from 1 to 10,000 carbon atoms, or even from 2 to 100 carbon atoms; 

each R is an alkoxylate moiety, in one aspect of the present invention, each R is 
independently an ethoxylate, propoxylate or butoxylate moiety; 
R 3 is an ester-forming moiety having the formula: 

R 4 CO- wherein R 4 may be H, substituted or unsubstituted alkyl, alkenyl, 
15 alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaryl, in one aspect of the 

present invention, R 4 may be substituted or unsubstituted alkyl, alkenyl, 
alkynyl, moiety comprising from 1 to 22 carbon atoms, an aryl, alkylaryl, 
alkylheteroaryl, or heteroaryl moiety comprising from 4 to 22 carbon . 
atoms or R 4 may be a substituted or unsubstituted C1-C22 alkyl moiety or 
20 R 4 may be a substituted or unsubstituted C1-C12 alkyl moiety; 

x is 1 when R 1 is H; when R 1 is not H, x is an integer that is equal to or 

less than the number of carbons in R l 

p is an integer that is equal to or less than x 

m is an integer from 0 to 50, an integer from 0 to 18, or an integer from 0 
25 to 12, and n is at least 1 . 

In one aspect of the present invention, the molecule comprising an ester moiety is 
an alkyl ethoxylate or propoxylate having the formula R?Ox[(R 2 )m(R 3 )n]p wherein: 
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R 1 is an C2-C32 substituted or unsubstituted alkyl or heteroalkyl moiety; 

each R 2 is independently an ethoxylate or propoxylate moiety; 

R 3 is an ester-forming moiety having the formula: 

R 4 CO- wherein R 4 may be H, substituted or unsubstituted alkyl, alkenyl, 

5 alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaryl, in one aspect of the 

present invention, R 4 may be a substituted or unsubstituted alkyl, alkenyl, 
or alkynyl moiety comprising from 1 to 22 carbon atoms, a substituted or 
unsubstituted aryl, alkylaryl, alkylheteroaryl, or heteroaryl moiety 
comprising from 4 to 22 carbon atoms or R 4 may be a substituted or 

10 unsubstituted C1-C22 alkyl moiety or R 4 may be a substituted or 

unsubstituted C1-C12 alkyl moiety, 

x is an integer that is equal to or less than the number of carbons in R l 
p is an integer that is equal to or less than x 
m is an integer from 1 to 12, and 
15 n is at least 1. 

In one aspect of the present invention, the molecule comprising the ester moiety 
has the formula: 

R l O x [(R 2 ) m (R 3 )n]p 

20 wherein R l is H or a moiety that comprises a primary, secondary, tertiary or 

quaternary amine moiety, said R l moiety that comprises an amine moiety being selected 
from the group consisting of a substituted or unsubstituted alkyl, heteroalkyl, alkenyl, 
alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaryl; in one aspect of Applicants' 
invention R 1 may comprise from 1 to 50,000 carbon atoms, from 1 to 10,000 carbon 

25 atoms, or even from 2 to 100 carbon atoms; 

each R 2 is an alkoxylate moiety, in one aspect of the present invention each R is 
independently an ethoxylate, propoxylate or butoxylate moiety, 
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R 3 is an ester-forming moiety having the formula: 

R 4 CO- wherein R 4 may be H, substituted or unsubstituted alkyl, 
alkenyl, alkynyl, aryl, alkylaryl, alkylheteroaryl, and heteroaryl, in 
one aspect of the present invention, R 4 may be a substituted or 
unsubstituted alkyl, alkenyl, or alkynyl moiety comprising from 1 
to 22 carbon atoms, a substituted or unsubstituted aryl, alkylaryl, 
alkylheteroaryl, or heteroaryl moiety comprising from 4 to 22 
carbon atoms or R 4 may be a substituted or unsubstituted C1-C22 
alkyl moiety or R 4 may be a substituted or unsubstituted C1-C12 
alkyl moiety; 

x is 1 when R 1 is H; when R l is not H, x is an integer that is equal to or 

less than the number of carbons in R 1 

p is an integer that is equal to or less than x 

m is an integer from 0 to 12 or even 1 to 12, and 

n is at least 1. 



In any of the aforementioned aspects of the present invention, the molecule 
comprising an ester moiety may have a weight average molecular weight of less than 
600,000 Daltons, less than 300,000 Daltons, less than 100,000 Daltons or even less than 
60,000 Daltons. 

Suitable molecules that comprise an ester moiety include polycarbohydrates that 
comprise an ester moiety. 

The cleaning compositions provided herein will typically be formulated such that, 
during use in aqueous cleaning operations, the wash water will have a pH of from about 
5.0 to about 1 1 .5, or even from about 7.5 to about 10.5. Liquid product formulations are 
typically formulated to have a pH from about 3.0 and about 9.0. Granular laundry 
products are typically formulated to have a pH from about 9 to about 1 1 . Techniques for 
controlling pH at recommended usage levels include the use of buffers, alkalis, acids, 
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etc., and are well known to those skilled in the art. 

When the enzyme(s) of the present invention is/are employed in a granular 
composition or liquid, it may be desirable for the enzyme(s) to be in the form of an 
encapsulated particle to protect such enzyme from other components of the granular 

5 composition during storage. In addition, encapsulation is also a means of controlling the 
availability of the enzyme(s) during the cleaning process and may enhance performance 
of the enzyme(s). In this regard, the enzyme(s) may be encapsulated with any 
encapsulating material known in the art. 

The encapsulating material typically encapsulates at least part of the enzyme(s). 

10 Typically, the encapsulating material is water-soluble and/or water-dispersible. The 
encapsulating material may have a glass transition temperature (Tg) of 0°C or higher. 
Glass transition temperature is described in more detail in WO 97/1 1 151, especially from 
page 6, line 25 to page 7, line 2. 

The encapsulating material may be selected from the group consisting of 

15 carbohydrates, natural or synthetic gums, chitin and chitosan, cellulose and cellulose 

derivatives, silicates, phosphates, borates, polyvinyl alcohol, polyethylene glycol, paraffin 
waxes and combinations thereof. When the encapsulating material is a carbohydrate, it 
may be typically selected from the group consisting of monosaccharides, 
oligosaccharides, polysaccharides, and combinations thereof. Typically, the 

20 encapsulating material is a starch. Suitable starches are described in EP 0 922 499; US 
4,977,252; US 5,354,559 and US 5,935,826. 

The encapsulating material may be a microsphere made from plastic such as 
thermoplastics, acrylonitrile, methacrylonitrile, polyacrylonitrile, polymethacrylonitrile 
and mixtures thereof; commercially available microspheres that can be used are those 

25 supplied by Expancel of Stockviksverken, Sweden under the trademark EXP ANCEL® , 
and those supplied by PQ Corp. of Valley Forge, Pennsylvania U.S.A. under the 
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tradename PM 6545, PM 6550, PM 7220, PM 7228, EXTENDOSPHERES®, LUXSIL®, 
Q-CEL® and SPHERICEL®. 

Prnr>ftg g ft g nf Malring smH TT«ing the Hearting Compositions of 

5 the Present Invention 

The cleaning compositions of the present invention can be formulated into any 
suitable form and prepared by any process chosen by the formulator, non-limiting 
examples of which are described in U.S. 5,879,584; U.S. 5,691,297; U.S. 5,574,005; U.S. 
5,569,645; U.S. 5,565,422 Del Greco et aL; U.S. 5,516,448; U.S. 5,489,392; and U.S. 

1 0 5,486,303; all of which are incorporated herein by reference. 

AHjiim* Materials ™ Addition to the Fnzvmes of the Present Invention. Hydrogen 
Efiqgidfi, and/or ffyHrn g <m PermrMe Source and Material Comprising an Ester 
Moiety 

1 5 While not essential for the purposes of the present invention, the non-limiting list 

of adjuncts illustrated hereinafter are suitable for use in the instant cleaning compositions 
and may be desirably incorporated in certain embodiments of the invention, for example 
to assist or enhance cleaning performance, for treatment of the substrate to be cleaned, or 
to modify the aesthetics of the cleaning composition as is the case with perfumes, 

20 colorants, dyes or the like. It is understood that such adjuncts are in addition to the 

enzymes of the present invention, hydrogen peroxide and/or hydrogen peroxide source 
and material comprising an ester moiety. The precise nature of these additional 
components, and levels of incorporation thereof, will depend on the physical form of the 
composition and the nature of the cleaning operation for which it is to be used. Suitable 

25 adjunct materials include, but are not limited to, surfactants, builders, chelating agents, 
dye transfer inhibiting agents, deposition aids, dispersants, additional enzymes, and 
enzyme stabilizers, catalytic materials, bleach activators, bleach boosters, preformed 
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peracids, polymeric dispersing agents, clay soil removal/anti-redeposition agents, 
brighteners, suds suppressors, dyes, perfumes, structure elasticizing agents, fabric 
softeners, carriers, hydrotropes, processing aids and/or pigments. In addition to the 
disclosure below, suitable examples of such other adjuncts and levels of use are found in 

5 U.S. Patent Nos. 5,576,282, 6,306,812, and 6,326,348, herein incorporated by reference. 
The aforementioned adjunct ingredients may constitute the balance of the cleaning 
compositions of the present invention. 

Snrfartants - The cleaning compositions according to the present invention may 
comprise a surfactant or surfactant system wherein the surfactant can be selected from 

10 nonionic surfactants, anionic surfactants, cationic surfactants, ampholytic surfactants, 
zwitterionic surfactants, semi-polar nonionic surfactants and mixtures thereof. 

The surfactant is typically present at a level of from about 0.1% to about 60%, 
from about 1% to about 50% or even from about 5% to about 40% by weight of the 
subject cleaning composition. 

1 5 Builders - The cleaning compositions of the present invention may comprise one 

or more detergent builders or builder systems. When a builder is used, the subject 
cleaning composition will typically comprise at least about 1 %, from about 3% to about 
60% or even from about 5% to about 40% builder by weight of the subject cleaning 
composition. 

20 Builders include, but are not limited to, the alkali metal, ammonium and 

alkanolammonium salts of polyphosphates, alkali metal silicates, alkaline earth and alkali 
metal carbonates, aluminosilicate builders polycarboxylate compounds, ether 
hydroxypolycarboxylates, copolymers of maleic anhydride with ethylene or vinyl methyl 
ether, 1,3, 5-trihydroxy benzene-2, 4, 6-trisulphonic acid, and carboxymethyloxysuccinic 

25 acid, the various alkali metal, ammonium and substituted ammonium salts of polyacetic 
acids such as emylenediamine tetraacetic acid and nitrilotriacetic acid, as well as 
polycarboxylates such as mellitic acid, succinic acid, citric acid, oxydisuccinic acid, 
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polymaleic acid, benzene 1,3,5-tricarboxylic acid, carboxymethyloxysuccinic acid, and 
soluble salts thereof. 

Chelating Agmts - The cleaning compositions herein may contain a chelating 
agent, Suitable chelating agents include copper, iron and/or manganese chelating agents 
5 and mixtures thereof. 

When a chelating agent is used, the cleaning composition may comprise from 
about 0.1% to about 15% or even from about 3.0% to about 10% chelating agent by 
weight of the subject cleaning composition. 

ngpngitinn AiH - The cleaning compositions herein may contain a deposition aid. 
1 0 Suitable deposition aids include, polyethylene glycol, polypropylene glycol, 

polycarboxylate, soil release polymers such as polytelephthalic acid, clays such as 
Kaolinite, montmorillonite, atapulgite, illite, bentonite, halloysite, and mixtures thereof. 

nyft Transfer TnTiihiting Agents - The cleaning compositions of the present 
invention may also include one or more dye transfer inhibiting agents. Suitable 
15 polymeric dye transfer inhibiting agents include, but are not limited to, 

polyvinylpyrrolidone polymers, polyamine N-oxide polymers, copolymers of N- 
vinylpyrrolidone and N-vinylimidazole, polyvinyloxazolidones and polyvinylimidazoles 
or mixtures thereof. 

When present in a subject cleaning composition, the dye transfer inhibiting agents 
20 maybe present at levels from about 0.0001% to about 10%, from about 0.01% to about 
5% or even from about 0.1% to about 3% by weight of the cleaning composition. 

nigpergflntg - The cleaning compositions of the present invention can also contain 
dispersants. Suitable water-soluble organic materials include the homo- or co-polymeric 
acids or their salts, in which the polycarboxylic acid comprises at legist two carboxyl 
25 radicals separated from each other by not more than two carbon atoms. 

FnTymftg - The cleaning compositions can comprise one or more detergent 
enzymes which provide cleaning performance and/or fabric care benefits. Examples of 
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suitable enzymes include, but are not limited to, hemicellulases, peroxidases, proteases, 
cellulases, xylanases, lipases, phospholipases, esterases, cutinases, pectinases, 
keratinases, reductases, oxidases, phenoloxidases, lipoxygenases, ligninases, 
pullulanases, tannases, pentosanases, malanases, fl-glucanases, arabinosidases, 
5 hyaluronidase, chondroitinase, laccase, and amylases, or mixtures thereof. A typical 

combination is cocktail of conventional applicable enzymes like protease, lipase, cutinase 
and/or cellulase in conjunction with amylase. 

FrtTymft Stflhilirarg - Enzymes for use in detergents can be stabilized by various 
techniques. The enzymes employed herein can be stabilized by the presence of water- 
10 soluble sources of calcium and/or magnesium ions in the finished compositions that 
provide such ions to the enzymes. 

Catalytic Metal Complexes - The cleaning compositions of the present invention 
may include catalytic metal complexes. One type of metal-containing bleach catalyst is a 
catalyst system comprising a transition metal cation of defined bleach catalytic activity, 
15 such as copper, iron, titanium, ruthenium, tungsten, molybdenum, or manganese cations, 
an auxiliary metal cation having little or no bleach catalytic activity, such as zinc or 
aluminum cations, and a sequestrate having defined stability constants for the catalytic 
and auxiliary metal cations, particularly ethylenediaminetetraacetic acid, 
ethylenediaminetetra (methylenephosphonic acid) and water-soluble salts thereof. Such 
20 catalysts are disclosed in U.S. 4,430,243. 

If desired, the compositions herein can be catalyzed by means of a manganese 
compound. Such compounds and levels of use are well known in the art and include, for 
example, the manganese-based catalysts disclosed in U.S. 5,576,282. 

Cobalt bleach catalysts useful herein are known, and are described, for example, 
25 in U.S. 5,597,936; and U.S. 5,595,967. Such cobalt catalysts are readily prepared by 
known procedures, such as taught for example in U.S. 5,597,936, and U.S. 5,595,967. 
Compositions herein may also suitably include a transition metal complex of a 
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macropolycyclic rigid ligand - abreviated as "MRL". As a practical matter, and not by 
way of limitation, the compositions and cleaning processes herein can be adjusted to 
provide on the order of at least one part per hundred million of the active MRL species in 
the aqueous washing medium, and will preferably provide from about 0.005 ppm to about 
5 25 ppm, more preferably from about 0.05 ppm to about 10 ppm, and most preferably from 
about 0. 1 ppm to about 5 ppm, of the MRL in the wash liquor. 

Preferred transition-metals in the instant transition-metal bleach catalyst include 
manganese, iron and chromium. Preferred MRI/s herein are a special type of ultra-rigid 
ligand that is cross-bridged such as 5,12-diethyl-l,5,8,12-tetraazabicyclo[6.6.2] 
10 hexadecane. 

Suitable transition metal MRLs are readily prepared by known procedures, such as 
taught for example in WO 00/332601, and U.S. 6,225,464. 

Method of Use 

1 5 The cleaning compositions disclosed herein of can be used to clean a situs inter 

alia a surface or fabric. Typically at least a portion of the situs is contacted with an 
embodiment of Applicants' cleaning composition, in neat form or diluted in a wash 
liquor, and then the situs is optionally washed and/or rinsed. For purposes of the present 
invention, washing includes but is not limited to, scrubbing, and mechanical agitation. 

20 The fabric may comprise most any fabric capable of being laundered in normal consumer 
use conditions. The disclosed cleaning compositions are typically employed at 
concentrations of from about 500 ppm to about 15,000 ppm in solution. When the wash 
solvent is water, the water temperature typically ranges from about 5 °C to about 90 °C 
and, when the situs comprises a fabric, the water to fabric mass ratio is typically from 

25 about 1 : 1 to about 30: 1 . 

EXPERIMENTAL 

The following examples are provided in order to demonstrate and further illustrate 
certain preferred embodiments and aspects of the present invention and are not to be 
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construed as limiting the scope thereof. 

In the experimental disclosure which follows, the following abbreviations apply: 
°C (degrees Centigrade); rpm (revolutions per minute); H 2 0 (water); HC1 (hydrochloric 
acid); aa (amino acid); bp (base pair); kb (kilobase pair); kD (kUodaltons); gm (grams); 
ug and ug (micrograms); mg (milligrams); ng (nanograms); ul and ul (microliters); ml 
(milliliters); mm (millimeters); nm (nanometers); um and urn (micrometer); M (molar); 
mM (millimolar); uM and uM (micromolar); U (units); V (volts); MW (molecular 
weight); sec (seconds); min(s) (minute/minutes); hr(s) (hour/hours); MgCk (magnesium 
chloride); NaCl (sodium chloride); OD280 (optical density at 280 nm); OD 6 oo (optical 
density at 600 nm); PAGE (polyacrylamide gel electrophoresis); EtOH (ethanol); PBS 
(phosphate buffered saline [150 mM NaCl, 10 mM sodium phosphate buffer, pH 7.2]); 
SDS (sodium dodecyl sulfate); Tris (tris(hydroxvmemyl)aminomemane); TAED 
(N,N,N'N'-tetraacerylemylenediamine); w/v (weight to volume); v/v (volume to volume); 
Per (perhydrolase); per (perhydrolase gene); Ms (M. smegmatis); MS (mass 
spectroscopy); BRAIN (BRAIN Biotechnology Research and Information Network, AG, 
Zwingenberg, Germany); TIGR (The Institute for Genomic Research, Rockville, MD); 
AATCC (American Association of Textile and Coloring Chemists); WFK (wflc 
Testgewebe GmbH, Bruggen-Bracht, Germany); Amersham (Amersham Life Science, 
Inc. Arlington Heights, IL); ICN (ICN Pharmaceuticals, Inc., Costa Mesa, CA); Pierce 
(Pierce Biotechnology, Rockford, IL); Amicon (Amicon, Inc., Beverly, MA); ATCC 
(American Type Culture Collection, Manassas, VA); Amersham (Amersham Biosciences, 
Inc., Piscataway, NJ); Becton Dickinson (Becton Dickinson Labware, Lincoln Park, NJ); 
BioRad (BioRad, Richmond, CA); Clontech (CLONTECH Laboratories, Palo Alto, CA); 
Difco (Difco Laboratories, Detroit, MI); GIBCO BRL or Gibco BRL (Life Technologies, 
Inc., Gaithersburg, MD); Novagen (Novagen, Inc., Madison, WI); Qiagen (Qiagen, Inc., 
Valencia, CA); Invitrogen (Invitrogen Corp., Carlsbad, CA); Genaissance (Genaissance 
Pharmaceuticals, Inc., New Haven, CT); DNA 2.0 (DNA 2.0, Menlo Park, CA); MIDI 
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(MIDI Labs, Newark, DE) InvivoGen (InvivoGen, San Diego, CA); Sigma (Sigma 
Chemical Co., St. Louis, MO); Sorvall (Sorvall Instruments, a subsidiary of DuPont Co., 
Biotechnology Systems, Wilmington, DE); Stratagene (Stratagene Cloning Systems, La 
Jolla, CA); Roche (Hoffinann La Roche, Inc., Nutley, NJ); Agilent (Agilent 
Technologies, Palo Alto, CA); Minolta (Konica Minolta, Ramsey, NJ); and Zeiss (Carl 
Zeiss, Inc., Thornwood, NY). 

In the following Examples, various media were used. *TS" medium (per liter) 
was prepared using Tryptone (16 g) (Difco), Soytone (4 g) (Difco), Casein hydrolysate 
(20 g) (Sigma), K2HPO4 (10 g), and d H2O (to 1 L). The medium was sterilized by 
autoclaving. Then, sterile glucose was added to 1.5% final concentration. Streptomyces 
Production Medium (per liter) was prepared using citric arid(HbC)) (2.4 g), Biospringer 
yeast extract (6 g), (NH4)2S04 (2.4 g), MgS04"7 H2O (2.4 g), Mazu DF204 (5 ml), trace 
elements (5 ml). The pH was adjusted to 6.9 with NaOH. The medium was then 
autoclaved to sterilize. After sterilization, CaCk-2 H2O (2 mis of 100 mg/ml solution), 
KH2PO4 (200 ml of a 13% (w/v) solution at pH6.9), and 20 mis of a 50% glucose 
solution were added to the medium. 

In these experiments, a spectrophotometer was used to measure the absorbance of 
the products formed after the completion of the reactions. A reflectometer was used to 
measure the reflectance of the swatches. Unless otherwise indicated, protein 
concentrations were estimated by Coomassie Plus (Pierce), using BSA as the standard. 



EXAMPLE 1 
Enzyme Analysis 

In this Example, methods to assess enzyme purity and activity used in the 
subsequent Examples and throughout the present Specification are described. 
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Enzyme Activity Assay (pNB Assay) 

This activity was measured by hydrolysis of p-nitrophenylbutyrate. The reaction 
mixture was prepared by adding 10 ul of 100 mM p-nitrophenylbutyrate in 

5 dimethylsulfoxide to 990 ml of 100 mM Tris-HCl buffer, pH 8.0 containing 0.1 % triton 
X-100. The background rate of hydrolysis was measured before the addition of enzyme 
at 410 nm. The reaction was initiated by the addition of 10 ul of enzyme to 990 ml of the 
reaction and the change of absorbance at 410 nm was measured at room temperate 
(~23°C). The background corrected results are reported as SAWmin/ml or 

10 SAWmin/mg protein. 

Transesterification 

Transesterification was measured by GC separation of products in buffered 
aqueous reactions. Reactions to measure ethyl acetate transesterification with propanol 

15 contained in 1 ml of 50 mM KP04, pH 7.0; 200 mM ethyl acetate, 200 mM 1-propanol, 
and enzyme. Reactions to measure ethyl acetate transesterification with neopentyl glycol 
(NPG) contained in 1 ml of 50 mM KP04, pH 7.0; 303 mM ethyl acetate, 100 mM NPG, 
and enzyme. The reactions were incubated at the indicated temperatures and for the 
indicated times. Separations were preformed using a 30M FFAP column (Phenomenex). 

20 The inlet split ratio was approximately 1 :25, the injector was 250°C, head pressure of 1 0 
psi He, and detection was by FID at 250°C. The chromatography program was 40°C 
initial for 4 min, followed by a gradient of 15°C/min to 180°C. Components eluted in the 
following order and were not quantified; ethyl acetate, ethyl alcohol, propyl acetate, 
propyl alcohol, acetic acid, NPG diacetate, NPG monoacetate, and NPG. 



Perhydrolase Used in Crystallography Studies 

This perhydrolase preparation was used for crystallography studies. In addition, 
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unlabelled protein was grown and purified in similar manner. A 500 ml preculture ofE. 

coli BL21(DE3)/pLysS/pMSATNcol-l was grown in a baffled 2.8 L Fernbach flask on 

LB containing 100 ug/ml carbenicillin. After overnight culture at 37°C and 200 rpm on a 

rotary shaker, the cells were harvested by centrifugation and resuspended in M9 medium 
5 containing: glucose, 2 g/L; Na 2 HP0 4 , 6 g/L; KH2PO4, 3 g/L; NH4CI, 1 g/L; NaCl, 0.5 

g/L; thiamine, 5 mg/L; MgS0 4 , 2 mM; CaCh, 100 uM; Citric acid«H 2 0, 40 mg/L; 

MnS0 4 .H 2 0, 30 mg/L; NaCl, 10 mg/L; FeS0 4 «7H 2 0, 1 mg/L; CoCl 2 .6H 2 0, 1 mg/L; 

ZnSCWIfcO, 1 mg/L; CuS0 4 .5H 2 0, 100 ug/L; H 3 B0 3 «5H 2 0, 100 ug/L; and 

NaMo0 4 »2H 2 0, 100 ug/L; and supplemented with carbenicillin, 100 mg/L. The 
1 0 resuspended cells were used to inoculate six Fernbach flasks containing 500 ml each of 

M9 medium supplemented with carbenicillin (100 mg/L). The cultures were incubated at 
20°C and 200 rpm on a rotary shaker until the ODeoo reached about 0.7 at which time 
100 mg/L of lysine, threonine, and phenylalanine and 50 mg/L of leucine, isoleucine, 

valine, and selenomethionine were added. After further incubation for 30 min, IPTG was 
1 5 added to a final concentration of 50 uM. The cultures were then incubated overnight 

(~15hr) and harvested by centrifugation. The cell pellet was washed 2 times with. 50 mM 
KP0 4 buffer, pH 6.8. The yield was 28.5 gm wet weight of cells to which was added 1 14 
ml of 100 mM KP0 4 buffer, pH 8.2 and 5 mg of DNase. This mixture was frozen at - 
80°C and thawed 2 times. 
20 The thawed cell suspension was lysed by disruption in a French pressure cell at 

20Kpsi. The unbroken cells and cell membrane material were sedimented by 
centrifugation at 100K times g for 1 hour. The supernatant crude extract, 128 ml (CE) 
was then placed in a 600 ml beaker and stirred for 10 minutes in a 55°C water bath to 
precipitate unstable proteins. After 10 min the beaker was stirred in ice water for 1 min 
25 followed by centrifugation at 1 5K times g for 15 min. The supernatant from this 

procedure, HT, contained 1 18 ml. The HT extract was then made 20% saturating in 
(NH 4 ) 2 SQ 4 by the slow addition of 12.7 g of (NH 4 ) 2 SQ 4 . This was loaded on to a 10 cm 
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X 1 1.6 cm Fast Flow Phenyl Sepharose (Pharmacia) column equilibrated inlOO mM 
KP0 4 buffer, pH 6.8, containing 20% saturation (109 g/L) (NH^SO* After loading the 
extract the column was washed with 1700 ml of starting buffer and eluted with a two step 
gradient. The first step was a linear 1900 ml gradient from start buffer to the same buffer 
5 without (NHO2SO4, the second was a 500 ml elution with 1 00 mM KPO4, pH 6.8 

containing 5% EtOH. Active fractions, 241 ml, were pooled, diluted 100 % with water 
and loaded onto a 1 .6 mm X 16 mm Poros HQ strong anion exchange column 
equilibrated in 100 mM Tris-HCl, pH 7.6. After loading the extract, the column was 
washed with 5 column volumes of starting buffer. The protein was eluted with a 1 5 
10 column volume gradient from start buffer to start buffer containing 175 mM KC1. The 

active fractions were pooled and concentrated using a Centriprep 30 (Millipore) to 740 \d. 
Figure 6 provides a purification table showing the enzyme activity of the enzyme of the 
present invention through various steps in the purification process. 

The present application must be used to determine the respective values of the 
1 5 parameters of die present invention. 

Unless otherwise noted, all component or composition levels are in reference to 
the active level of that component or composition, and are exclusive of impurities, for 
example, residual solvents or by-products, which may be present in commercially 
available sources. 

20 Enzyme components weights provided herein are based on total active protein. 

All percentages and ratios were calculated by weight unless otherwise indicated. All 
percentages and ratios were calculated based on the total composition unless otherwise 
indicated. 

25 

EXAMPLE 2 
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Determination of Ratio Between Peracid and Acid Formation 

In this Example, methods for detennining the ratio of perhydrolysis to hydrolysis 
are described. In particular, this Example provides methods for determining the ratio 
between peracid formation (i.e., perhydrolysis) and acid formation (i.e., hydrolysis) 
5 resulting from enzyme activity on an ester substrate in the presence of peroxide in an 
aqueous system. 



A. ngterminsitinii nf Pprhyrirnlysfa tn FfyHrnlysis ttatin 

10 Preparation of Substrate 

The substrates were prepared as described herein. Ethyl acetate (EtOAc) and other 
water soluble esters were diluted in a desired buffer to a concentration of 10 mM of ester. 
Tributyrin and other water insoluble substrates were prepared by making substrate 
swatches. Polyester swatches were cut from non-dyed polyester fabric (Polycotton, PCW 
1 5 22) using a 5/8 inch punch and placed in a 24-well microliter plate (Costar, Cell Culture 
Plate). The insoluble ester was diluted to 1 .03 M in hexane. Then, 10 \iL of the insoluble 
ester solution were then adsorbed onto the polyester swatch. 

Determination of Hydrolysis (GC Assay) 

20 The hydrolytic assay described below was used to determine the amount of 

substrate hydrolysis. In this assay, the assay solution was comprised of 50 mM potassium 
phosphate pH 7.5, 10 mM ester substrate, 29 mM hydrogen peroxide, and 20 mM 
potassium chloride in a total volume of 0.99ml and an amount of enzyme that would 
generate 20 nmoles of acetic acid per minute at 25°C. 

25 For measuring water insoluble ester hydrolysis, the reaction mixture was added to 

the insoluble ester fabric swatch. The swatch was prepared as described above 
("Preparation of Substrate"). All the other conditions for the assay were the same except 
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for exclusion of other ester substrates. 

Hydrolytic activity was measured by monitoring the increase of acids generated by 
the enzyme from acyl donor substrates using gas chromatography coupled with flame 
ionization detection. The assay was conducted by first pipetting 50 \iL of assay solution 
5 containing all the components except the enzyme into 200 mL of methanol (HPLC 

grade) to determine the amount of acid in the assay solution at time 0. Then, 10 jxL of 
enzyme were added to the assay solution to a desired final concentration which produced 
approximately 20 nanomoles of acid per minute. A timer was started and 50 pL aliquots 
were taken from the assay solution and added to 200 nL of methanol at various times, 

10 typically 2, 5, 10, 15, 25, 40, and 60 minutes, after addition of the enzyme. 

These methanol-quenched samples were then injected into a gas chromatograph 
coupled with a flame ionization detector (Agilent 6890N) and analyzed for hydrolytic 
components, acetic, and butyric acids. Gas chromatography was conducted using a 
nitroterephthalic acid modified polyethylene glycol column (Zebron FFAP; with 

1 5 dimensions: 30 m long, 250 um diameter, 250 mn film thickness). A3 \xL aliquot of 

sample was applied to the column by a splitless injection under constant a helium flow of 
1.0 mL/minute. The inlet was maintained at a temperature of 250°C and was purged of 
any remaining sample components after 2 minutes. When analyzing acetic acid, the 
temperature of the column was maintained at 75°C for 1 minute after injection, increased 

20 25°C/minute to 100°C, then increased 15°C/minute to 200°C. 

When analyzing butyric acid, the temperature of the column was controlled as 
described above, except the temperature was additionally increased 25°C/minute to 
225°C and held at 225°C for 1 minute. The flame ionization detector was maintained 
throughout the chromatography at 250°C and under constant hydrogen flow of 25 

25 mL/minute, air flow of 200 mL/minute, and a combined column and makeup helium flow 
of 30 mL/minute. The amount of hydrolyzed acid in the sample was then determined by 
integrating the acid peak in the chromatogram for total ion counts and calculating the acid 
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from the ion count using a standard curve generated under the above conditions for acetic 
and butyric acids at varying concentrations in the assay solution (without enzyme). 

Determination of Perhydrolysis (OPD Assay) 
5 The perhydrolytic activity assay described below was used to determine the 

amount of peracid formed in the reaction. In these assays, the solution comprised 50 raM 
potassium phosphate pH 7.5, 10 mM ester substrate, 29 mM hydrogen peroxide, 20 mM 
potassium chloride, and 10 mM O-phenylenediamine. 

When using water insoluble ester as the acyl donor, an ester adsorbed fabric 
10 swatch was used as the substrate, prepared as described above ("Preparation of 
Substrate"). 

Perhydrolytic activity was measured by monitoring the absorbance increase at 458 
nm of oxidized O-phenylenediamine (OPD) by peracid generated with the enzyme. The 
perhydrolytic activity assay solution was prepared in the same manner as the hydrolytic 

1 5 activity assay solution, except that OPD was added to the assay solution to a final 

concentration of lOmM. The OPD solution was prepared immediately before conducting 
the assay by dissolving 72mg OPD (Sigma-Aldrich, dihydrochloride) in 19.94 mL of the 
same buffer and the pH was adjusted by slowly adding 60 \iL of 13.5 M potassium 
hydroxide. The pH was measured and if needed, small quantities of potassium hydroxide 

20 were added to return the pH to the original pH of the buffer. Then, 495 pL of this OPD 
solution were added with the other assay components to a final assay volume of 0.990 
mL. An assay quenching solution was also prepared by dissolving 36mg OPD in 20 mL 
100 mM citric acid and 70% ethanol. 

The assay was typically conducted at 25°C. The assay was started by pipetting 

25 100 pL of assay solution before the addition of the enzyme into 200 pL of quenching 
solution to determine the amount of perhydrolytic components and background 
absorbance in the assay solution at time 0. Then, 10 pL of enzyme were added to the 
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assay solution to a desired final concentration which produced approximately 10 
nanomoles of peracid per minute. A timer was started and 100 pL aliquots were taken 
from the assay solution and added to 200 of quenching solution at various times, 
typically 2, 5, 10, 15, 25, 40, and 60 minutes, after adding the enzyme. The quenched 
5 assay solutions were incubated for 30 minutes to allow any remaining peracid to oxidize 
the OPD. Then, 100 |xL of each quenched assay solution was transferred to a 96-well 
microtiter plate (Costar) and the absorbance of the solution was measured at 458 nm by a 
spectrophotometry plate reader (Molecular Devices, SpectraMAX 250). The amount of 
peracid in each quenched sample was calculated using a standard curve generated under 
10 the above conditions with peracetic acid at varying concentrations in the assay solution 
(without enzyme). 

Perhydrolysis /Hydrolysis ratio: 

Perhydrolysis/ Hydrolysis ratio= Perhydrolysis measured in the Perhydrolysis 
1 5 assay/(Total acid detected in the hydrolysis assay-Perhydrolysis measured in the 
perhydrolysis assay) 



The results of these experiments are provided in Figures 7, 10 and Figure 1 1 . 
Figure 7 provides a graph which shows the ratio of perbutyric acid to butyric acid 

20 generated by various enzymes from 10 mM tributyrin and 29 mM hydrogen peroxide in 
40 minutes. Figure 10 shows the ratio of perbutyric acid to butyric acid generated by 
various enzymes from 10 mM tributyrin and 29 mM hydrogen peroxide in 4, 10, and 30 
minutes. Figure 1 1 shows the ratio of peracetic acid to acetic acid generated by various 
enzymes from 10 mM triacetin and 29 mM hydrogen peroxide in 4 and 10 minutes. The 

25 results obtained in these experiments indicated that M smegmatis perhydrolase 

homologues exhibited a ratio above 1 in the OPD/GC assays described above, while other 
classes of enzymes exhibited ratios significantly below 1. 
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Table 2-lprovides data showing the perhydrolysis activity of various homologues 
described herein on triacetin, as compared to the wild-type M smegmatis perhydrolase. 
The results provided in Table 2-2 indicate that the perhydrolase has activity over a broad 
range of substrates. In addition to the results provided in these Tables, Figures 8 and 9 
5 provide data showing that the perhydrolase of the present invention has broad pH and 
temperature range activities. 



Table 2-1. Perhydrolysis Activity of Perhydrolase 
Homologues on Triacetin as Compared to M. 
smeematis Derhvdrolase 


Experiment 


Protein 


Perhydrolysis 
Ratio 

(homolog to 
perhydrplase) 


A 








pET26 Mlo 


0.6 




DET26b Mbo 


0.87 




pET26 Smell 


2.1 




DET26b Stm 


0.17 




dLO Smel 


0.7 




Perhvdrolase 


1.0000 




Blank 


0.0660 








B. 


DET26 S261 M2aA12 


1.5 




Perhvdrolase 


1 




Blank 


0.3 








C. 


oet26 M40cD4 


0.14 




pet26 M44aA5 


0.16 




Perhvdrolase 


1 




Blank 


0.01 



Table 2-2. Peracid Production by 1 ppm Wild-Type 
Perhydrolase with 29 mM H202 and Various Esters 

nmol Peracetic Acid / min 
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Ethyl Acetate 




5.00 




Butyl Acetate 


8.06 


8.72 




Hexyl Acetate 


7.96 


5.86 




Octyl Acetate 


8.03 


0.48 




Ethyl Propionate 


0.90 


1.43 




Butyl Propionate 


2.47 


3.39 




Hexyl Propionate 


4.00 


2.66 




Isoamyl Acetate 


7.83 




17.69 


Citronellyl Acetate 


7.25 




4.27 


Citronellyl 


/■> off 

2.85 




3.21 


Propionate 








Dodecyl Acetate 


3.95 




0.19 


Neodol 23-3 


2.25 




8.77 


Acetate 








XT J ^ 1 ZT ff 

Neodol 23-6.5 


2.73 




10.12 


Acetate 








XT 1^1 T) A 

Neodol 23-9 


2.97 




10.20 


Acetate 








Ethylene Glycol 


13.30 






Diacetate 








Propylene Glycol 


13.17 






Diacetate 








Triacetin 


1 1 Q1 

i l.yi 






Tributyrin 


0.66 




2.70 


Ethyl 


0.49 






Methoxyacetate 








Linalyl Acetate 


0.30 






Ethyl Butyrate 


0.31 






Ethyl Isobutyrate 


0.10 






Ethyl 2- 


0.11 






methylbutyrate 








Ethyl Isovalerate 


0.37 






Diethyl Maleate 


0.75 






Ethyl Glycolate 


1.91 
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R, Typical Pfrhydrolasfi Peraild Generation Assay; 

Perhydrolase is active over a wide pH and temperature range and accepts a wide 
range of substrates for acyl transfer. Acceptors include water (hydrolysis), hydrogen 
peroxide (perhydrolysis) and alcohols (classical acyl transfer). For perhydrolysis 
measurements enzyme was incubated in the buffer of choice at a specified temperature 
with a substrate ester in the presence of hydrogen peroxide. Typical substrates used to 
measure perhydrolysis include ethylacetate, triacetin, tributyrin, ethoxylated neodol 
acetate esters, and others. In addition, the wild type enzyme was found able to hydrolyze 
nitrophenylesters of short chain acids. The latter are convenient substrates to measure 
enzyme concentration. In some embodiments, peracid acid and acetic acid were 
measured by the ABTS or HPLC assays as described below. Nitrophenylester hydrolysis 
is also described below. 

C ABTS Assay (one milliliter) 

This assay provides a determination of peracetic acid produced by perhydrolase. 
This protocol was adapted from Karst etal 9 Analyst, 122:567-571 [1997]). Briefly, a 
100 |iL aliquot of solution to be analyzed was added to 1 mL 125 mM ivcitrate pH 5, 1 
mM ABTS, 50 |iM KI. Absorbance was measured at 420 nm for highest sensitivity. 
However, multiple additional wavelengths were sometimes used over the broad 
absorption spectrum of ABTS. Calibration curves were constructed based on known 
peracid concentration series. 

H HPLC (Model - Agilent 1100) Determination of Perhydrolase Keartion 

Products: 

For determination of the ratio of perhydrolysis to hydrolysis of the perhydrolase 
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reaction, perhydrolase reaction samples were quenched by acidification to a final 
concentration of 0.24% methanesulfonic acid, and the products were separated by reverse 
phase HPLC on a Dionex OA column (cat #062903; Dionex Corporation, Sunnyvale, 
CA). The mobile phase was 100 mM NaPCXj, pH 3.9 (buffer was prepared by titrating 

5 100 mM Na2PC>4 with methanesulfonic acid to pH 3.9) run under isocratic conditions at 

30 C. Detection was at 210 nm. Concentrations of products were calculated by 
comparison of the integrated peak areas against calibration standards. 

E- Nitrnplieiiylester Hydrolysis KWtir Assay 

10 Enzyme and substrate were incubated in 100 mM Tris/HCl pH 8.0 (or 50 mM 

B(OH)3 pH 9.5 or another buffer). Absorbance at 402 nm was monitored. In some 
experiments, the assay was carried out in standard 1 mL cuvettes, while in other 
experiments, microtiter plate wells were used. The latter method was used for the 
screening of mutant libraries. Enzyme concentration was determined by comparison to 

15 standard curves obtained under the same reaction conditions. 



E. Para-nitrnphenylcaproate Hydrolysis Assay 

The pNC6 substrate solution was prepared by mixing ImM pNC6 (100 mM stock 
20 solution), 1 ml DMSO, 19 mis lOOmM Phosphate (pH8), and glycerol to a final 

concentration of 10%. To assay samples, 10 pi of the cell lysate were added to 190 pi of 
the substrate solution, and assayed at 405 nm for 15 minutes in a spectrophotometer. The 
results are presented as the average of two experiments. 

25 Para-nitropfignyl Arotate (pNA) TTyHrnlysis Assay 

Aliquots of the lysed cell supernatant were diluted 1-100 in 100 mM phosphate 
buffer (pH 8). To assay the samples, 5 jxl of the 1-100 diluted cell supernatant were 
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placed into each well of a microtiter plate. Then, 195 jil of reaction buffer/substrate mix 
(1 mM pNA, 100 mM phosphate, pH 8, 10% glycerol ) were added, and the absorbance 
rate at 405 nm was measured over 3 minutes (kinetics program, microtiter plate reader). 
The results are presented as the average of two experiments. 



EXAMPLE 3 
Assays Including Detergent Compositions 

10 In this Example, assay systems used to screen for superior perhydrolase activity in 

detergents with particular substrates are provided. These assays include those that 
measure peracid degradation of perhydrolase, as well as the peracid synthesis activity of 
the enzyme. 



15 Materials and Methods for Per acetic Acid Formation (PAF) and Peracetic Acid 
Degradation (PAD) Assays 

This section provides the materials and methods used to screen for a superior 
perhydrolases in Ariel with C9E20AC ester substrate 

20 

Material g* 

Ariel Futur without bleach, perfume, or enzymes (P&G, Ariel "C") 

C9E20Ac (P&G) 

30% Hydrogen Peroxide (Sigma) 
25 32% Peroxyacetic acid (peracid", PAA)(Sigma cat#) MW - 76.05; 4.208M 

Citric Acid, anhydrous MW=192.12 

Potassium Hydroxide MW-56.1 1 

ABTS (Sigma cat# A1888) MW=548.68 

Potassium Iodide MW=166.0 
30 Potassium Phosphate , mono and di-basic 

Stock solutions; 
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Ariel detergent stock: Ariel Futur without bleach, perfume, or enzymes ("Ariel C") was 
dissolved in water to 6.72 g/L. It was stirred at room temp for 30 minutes, then allowed 
to settle. Then, it was divided into convenient aliquots and stored at 4°C, until used. 
5 When made and used fresh, the solution was filtered, instead of settled 

100 mM C9E20Ac in Ariel detergent stock: First, 30 pi C9E20Ac was added to 970 pi 
Ariel detergent stock, using a positive displacement pipet. It was sonicated in a bath 
sonicator until a milky dispersion was formed (15-60 seconds). The dispersion was stable 
10 for about two hours. When used, 1 0 pi of dispersion per ml of reaction mix were used. 

42 mM Peroxyacetic acid stock: Right before use, the Sigma 32% PAA solution was 
diluted 1^100 in water. Then 5.7 pi of the 42 mM stock per ml of reaction mix was 
added. 

15 

2 M hydrogen peroxide: One ml of 30% Sigma hydrogen peroxide was added to 3.41 
ml water. This solution was prepared fresh, right before use. It was used at 10 pi per ml 
of reaction mix. 

20 125 mM Citrate buffer pH 5.0: This was prepared to 24.0 grams per liter. It was made 
up in 800 ml, and titrated to pH 5.0 with 50% KOH. The volume was adjusted to 1 liter 
and stored at room temperature. 

100 mM ABTS stock: This was prepared using 549 mg of ABTS in 10 ml of water. It 
25 was frozen at -80°C, in convenient aliquots in opaque Eppendorf tubes. The stock was 
stable indefinitely when kept frozen in the dark. ABTS will precipitate when thawed 
from -80°C but goes back into solution upon mixing. In use, 10 pi of ABTS stock was 
used per ml of ABTS reagent. 

30 250 mM KI: This was prepared as 415 mg in 10 ml water. It was kept at 4°C. It was 
diluted to 25 mM working stock, and 2 ul of working stock was used per ml of ABTS 
reagent. 

25 mM Potassium Phosphate buffer, pH 8.0: 

35 

Method: 

The night prior to performance of the assays, the plates containing lysed cells that 
40 contain perhydrolase were checked to be sure that they were frozen twice. On the day of 
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the assay, 30 to 45 minutes were allowed for the plates to thaw. The ABTS reagent was 
prepared and the Multidrop (Multidrop 384 instrument, ThermoElectron) to fill the 
detection plates with 200 |xl per well. Store the filled plates covered at room temperature 
in the dark until needed. Dilutions of the standards were prepared so that when 20 pi of 
the diluted standard were added to the 180 pi of the reaction mix, the concentration in the 
well was 1 ppm. Four 4 two-fold serial dilutions were prepared to a set of six standards: 
1, 0.5, 0.25, 0.125, and 0.0625 ppm final concentration in the wells. 

To test, 20 pi of the standards were added to the thawed 1:10 dilution plate. The 
reaction mixtures were prepared and the Multidrop used to fill one reaction plate for each 
plate to be assayed (180pl/well). Note that the reaction mixtures are different for the PAF 
and PAD assays. 

Peracid Hydrolysis (Peracid Degradation, PAD) Assay: 

This assay measures the amount of peracetic acid remaining after a 100 minute 
incubation with enzyme in an Ariel detergent background. The amount of peracid 
remaining is detected by reacting an aliquot of the reaction mixture with the ABTS 
detection reagent. 

In this assay, 20 jul en2yme samples from the thawed 1:10 dilution plate were 
transferred, one column at a time with an 8 channel pipetter, into the corresponding 
column of the pre-filled PAD reaction plate. A timer was started as soon as transfer 
occurred from the first column; subsequent columns were transferred at 15 second 
intervals (i.e., the last column was finished 2 min. 45 sec. after starting the first one). The 
plate was mixed for 30 seconds on the thermomixer (750 rpm, to avoid splashing). The 
plate was then transferred to a humidified chamber at 25°C. The plate was incubated for 
a total of 100 minutes from the time the first column of enzyme was added. At 100 
minutes incubation, the reaction plate was removed from the incubator. Then, 20 ul 
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aliquots of the reaction mixture were transferred to an ABTS reagent plate, in the same 
order and with the same 15 second time interval that the enzyme samples were originally 
added to the reaction plate. The ABTS plate was allowed to sit at room temperature for 
three minutes after the last column of reaction mixture was added. The plate was then 
5 read on the spectrophotometric plate reader at 420 and 740 nm. 

Perhydrolysis (Peracid Formation, PAF) Assay 

10 Multidrop Optimized Protocol: Screening for a Superior Perhydrolysis in 

Ariel with C9E20AC Ester Substrate 

The same materials and stock solutions described above for PAD were used in 
these experiments, as indicated below. 

15 Method: 

The methods were designed to assay 20 \il aliquots from a 1 :100 dilution plate. 
The 20 |il 1 : 1 00 dilution assay plates were produced during the process of obtaining the 
protein concentrations and were stored at -80°C. The plates were thawed for about 30 to 
45 minutes before use. Dilutions of the S54V standards were prepared, so that when 2 pi 
20 of the diluted standard are added to the 20 \il of the 1 :100 diluted cell lysate, the 

concentration in the well was 0.1 ppm. Four two-fold serial dilutions were prepared to 
produced a set of six standards: 0.1, 0.05, 0.025, 0.0125, and 0.00625 ppm final 
concentration in the wells. Then, 2 ul of the standards were added to the thawed 20 ul 
1:100 dilution assay plates in the wells indicated. 



25 



Perhydrolysis (Peracid formation, PAF) Assay: 

This assay measures the amount of peroxyacetic acid that is produced in 10 
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minutes from the C9E20Ac substrate in an Ariel detergent background. The amount of 
peracid formed is detected after 10 minutes by reacting an aliquot of the reaction mixture 
with the ABTS detection reagent. 

5 The Multidrop was used to deliver 1 80 jil/well of the PAF reaction mix to the prepared 
1 : 1 00 dilution plate. The timer was started and the reaction plate was placed on the 
thermomixer, with the temperature set at 25°C. The plate was covered and the solutions 
mixed for 30 seconds at 750 rpm. The plate was then allowed to rest on the thermomixer 
without mixing, for a total of 10 minutes from the time the reaction mix was added. 

10 At 10 minutes, the Multidrop was used to add 20^1/well of the lOx ABTS reagent. The 
1 Ox reagent was a milky suspension. The thermomixer was used to briefly shake the 
plate. The ABTS reagent quickly went into solution. The plate was allowed to sit at 
room temperature for three minutes after the ABTS reagent was added. The plate was 
then read on the spectrophotometric plate reader at 420 nm. 

15 



EXAMPLE 4 
Cloning of Mycobacterium smegmatis Perhydrolase 

20 In this Example, the cloning of M smegmatis perhydrolase is described. An 

enzyme with acyltransferase activity was purified from Corynebacterium oxydans (now 
Mycobacterium parafortuitum ATCC 1 9686). Two peptide sequences were obtained 
from the purified protein. One peptide was determined by Edman degradation from 
cyanogen bromide cleavage of the purified enzyme using methods known in the art. The 

25 sequence of this peptide was determined to be KVPFFDAGSVISTDGVDGI (SEQ ID 

NO:3). The second peptide was analyzed using N-terminal sequencing and was found to 
have the GTRRILSFGDSLTWGWEPV (SEQ ID NO:4). A BLAST search against the 
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TIGR unfinished genome database identified a sequence of potential interest in 
Mycobacterium smegmatis, which is shown below: 



MAKRILCFGDSLTWGWWVEDGAPTERFAPDVRWTGVLAQQLGADFEVIEEGLS 
5 ARTTNTODPTDPRLNGASYLPSCLATHLPLDLVIIMLGTNDTKAYFRRTPLDIALG 
MSVLVTQVLTSAGGVGTTYPAPKVLVVSPPPLAPMPHPWFQLIFEGGEQKTTELA 
RVYSAIJS.SFMKWFFDAGSVISTDGVDGIHFTEANNRDLGVALAEQVRSLL(SEQ 
IDNO:2). 



10 The corresponding DNA sequence of the gene is: 

5*- 

ATGGCCAAGCGAATTCTGTGTTTCGGTGATTCCCTGACCTGGGGCTGGGTCCC 
CGTCGAAGACGGGGCACCCACCGAGCGGTTCGCCCCCGACGTGCGCTGGACC 
GGTGTGCTGGCCCAGCAGCTCGGAGCGGACTTCGAGGTGATCGAGGAGGGAC 

15 TGAGCGCGCGCACCACCAACATCGACGACCCCACCGATCCGCGGCTCAACGG 
CGCGAGCTACCTGCCGTCGTGCCTCGCGACGCACCTGCCGCTCGACCTGGTG 
ATCATCATGCTGGGCACCAACGACACCAAGGCCTACTTCCGGCGCACCCCGC 
TCGACATCGCGCTGGGCATGTCGGTGCTCGTCACGCAGGTGCTCACCAGCGC 
GGGCGGCGTCGGCACCACGTACCCGGCACCCAAGGTGCTGGTGGTCTCGCCG 

20 CCACCGCTGGCGCCCATGCCGCACCCCTGGTTCCAGTTGATCTTCGAGGGCG 
GCGAGCAGAAGACCACTGAGCTCGCCCGCGTGTACAGCGCGCTCGCGTCGTT 
CATGAAGGTGCCGTTCTTCGACGCGGGTTCGGTGATCAGCACCGACGGCGTC 
GACGGAATCCACTTCACCGAGGCCAACAATCGCGATCTCGGGGTGGCCCTCG 
CGGAACAGGTGCGGAGCCTGCTGTAA-3 ' (SEQ ID NO:l) 

25 

Primers were designed based on the gene sequence to amplify and clone the gene. 
The primers used for amplification were: 



MsRBSF: 5'- 

30 CTAACAGGAGGAATTAA.CCATGGCCAAGCGAATTCTGTGTTTCGGTGATTCC 
CTGACCT-3' (SEQ ID NO:5) 
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MspetBamR: 5'- 

GCGCGCGGATCCGCGCGCTTACAGCAGGCTCCGCACCTGTTCCGCGAGGGCC 
ACCCCGA-3' (SEQ ID NO:6) 

5 The amplification of the gene was done by PCR using Taq DNA polymerase 

(Roche) per the manufacturer's instructions, with approximately 500 ng of chromosomal 
DNA from Mycobacterium smegmatis as the template DNA and the addition of 1% 
DMSO to the PCR reaction mix. Thirty picomoles of each of the primers MsRBSF and 
MspetBamR were added to the mix. The amplification cycle was: 30 cycles of (95°C for 1 

10 min, 55°C for 1 min, 72°C for 1 min). 

The fragments obtained from the PCR reaction were separated on a 1.2% agarose 
gel and a single band of the expected size of 651 bp (coding sequence and stop codon) 
was identified. This band was cloned directly into the pCR2.1 TOPO cloning vector 
(Invitrogen) and transformed into E. coli Top 10 cells (Invitrogen) with selection on L 

15 agar (10 g/1 tryptone, 5 g/1 yeast extract, 5 g/1 NaCl, 20 g/1 agar) containing 100 
micrograms/ml carbenicillin and X-gal (20 micrograms/ml, Sigma-Aldrich) for 
blue/white selection and incubated overnight at 37°C. Five white colonies were analyzed 
for the presence of the PCR fragment. Each colony was used to inoculate 5 mis of L 
broth (L agar without the addition of agar) containing 100 micrograms/ml carbenicillin 

20 and the cultures were grown overnight at 37°C with shaking at 200 rpm. Plasmid DNA 
was purified from the cultures using the Quikspin kit (Qiagen). The presence of the 
correct fragment was determined by restriction enzyme digest with EcoHA to release the 
fragment, and sequencing using primers supplied by the pCR2.1 manufacturer 
(Invitrogen). The correct plasmid was designated pMSATNcol {See, Figure 12, for the 

25 map of this plasmid)). The sequence of this plasmid is provided below 

agcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaag 

cgggcagtgagcgcaacgcaattaatgtgagttagctcacte 

gtgtggaattgtgagcggataacaatttcacaragg 
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actcaagctatgcatcaagcttggtaccgagctcggatccactagtaacggccgccagtgtgctggaatt^ 
ggaattaaccatggccaagcgaattctgtgWcggtgattccctgacctggggctgggtcc^ 



tgagcgcgcgcacxaccaacatcgacga 
gcacxrtgccgctcgacctggtgatcatcat^^ 

gctgggcatgtcggtgctcg^cacgcaggtgctcaccagcgcgggcggcgtcggcaccacg^ 

gtggtrtcgccgccaccgctggcgc^ 

gctcgcrcgcgtgtacagcgcgctcgcgtc^ 

gacggaatccacttc^ccgaggccaacaatcgcgatctcggggtggccctcgcggaacaggtgcagag 
cgaattctgcagatotccatcacact^ 

att<^ctggccgtcgtmacaacgtcgtga(^gggaaaaccctggcgttacccaacttaatcg 
cagctggcgtaatagcgaagaggcccgcaccgatcgc^ 
acctataaaagagagagccgttatcgtrt^ 
cctggccagtgcacgtrtgetgt^ 

tgaccaccgatatggccagtgtgccggtc^ccgttatcggggaagaagtggctgatctcagc^ 
cgccattaacctgatgttctggggaatataaatgtcaggcatgagattatcaaaaaggatcttcac^ 



gaaagcaggtagcttgragtgggcttacatggcg^ 

ctggggcgccctrtggtaaggttgggaagccctgcaaagtaaactggatggcmctc^ 

gatcaagctctgatcaagagacaggatgaggatcgm^ 

gtggagaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgcc 

cgcccggttcttmgtcaagaccgacctgtccggtgccctgaatgaactgcaagacga 

cgacgggcgttccttgcgcagctgtgctcgacgttgto^ 

aggatctcctgtcatctcaccttgctcctgccgagaaagtatccatcatggctgatg^ 

ctacctgcccattcgaccaccaagcgaaac^^ 

atctggacgaagagcatcaggggctcgcgccagccgaactgttcgcxaggctcaaggcgagca^ 

cgtcgtgacccatggcgatgcctgcttgccgaatatcatggtggaaaatggccgct^ 

tgtggcggaccgctatcaggacatagcgttgg(^cccgtgatattgctgaagagctt^ 

gtgctttacggtatcgccgctcccgattcgcagcgcatcgcc^ctatcgcctt^ 

tcctgatgcggtatmctccttacgcatctgtgcggtatttcacaccgcatacaggtggcac^ 

cctamgtttatitttctaaatac^^ 

gggccaccatggccaagttgaccagtgccgttcc^ 

cggctcgggttctcccgggacttcgtggaggacgacttcgccggtgtggtccgggacgac^ 



tcgtgtccacgaacttccgggacgcctccgggccggccatgaccgagatcggqgagcagccgtgggggc^ 

gcgcgacccggccggcaactgcgtgcacttcg^ 

atctaggtgaagatcctttttgataatctcatgarc^ 

gatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaac^ 

gccggatcaagagctaccaactcttmccgaaggtaactggcttcagcagagcgcagataccaaate^ 

gtagttaggccaccacttcaagaactctgtagra^ 
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cgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcggg^ 
cacacagcccagcttggagcgaacgacctacaccgaac^ 
aagggagaaaggcggacaggtatccggtaagcggcagggtcgg^ 
gcctggtatctttatagtcctgtcgggM^ 
5 gaaaaacgccagcaacgcggcctttttacggttcctgggcttttgctggccttttgctcac^^ 
gtggataarcgtattaccgccmgagtgagrt^ 
ggaagcggaag (SEQ ID NO:13) 

Construction of Perhydrolase T7 Expression Plasmid 

10 The primer pair used to create pMSATNcol was also used to create an Ncol site 

(CCATGG) in which the ATG is the start codon of the acyltransferase gene and a BamHl 
(GGATCC) just after the TAA stop codon. The plasmid pMSATNcol was digested with 
NcoVBamHl as recommended by the manufacturer (Roche) and the 658 bp fragment 
containing the perhydrolase gene was purified using standard procedures known in the art 

15 (e.g., Sambrook et al.). The fragment was ligated using standard procedures known in the 
art (e.g., Sambrook et al.) into the T7 promoter expression plasmid, pET16b (Novagen), 
also digested with NcoVBamHl . The ligation reaction was transformed by standard 
procedures into E. coli Top 10 cells (Invitrogen) and selected on L agar containing 100 
micrograms/ml carbenicillin overnight at 37°C. Ten colonies were picked from the 

20 several transformants and used to inoculate 5 ml of LB containing 100 micrograms/ml 
carbenicillin. Cultures were grown overnight at 37°C with shaking at 200 rpm. Plasmid 
DNA was purified from the cultures using the Qiagen Quikspin kit (Qiagen). The 
presence of the correct fragment was determined by restriction enzyme digest with 
NcoVBamHl as directed by the manufacturer. The correct plasmid was designated 

25 pMSATNcol- 1 (See, Figure 1 3, for the map of this plasmid). In this Figure, the 

following elements are indicated-Lad: gene encoding the Lad repressor protein, located 
at bpl455-2534, ori: plasmid origin of replication at bp 4471, bla: The p-lactamase gene 
located at bp 6089-5232; T7 promoter: located at bpl068-1052; T7 terminator: located at 
bp 259-213, per: theM smegmatis perhydrolase gene located at 981-334. The sequence 
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of this plasmid is provided below: 

ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagtta^ 
atctaacaatgcgctcatcgtcatcctcggcaccgtca^ 

cttgcgggatatccggatatagttcctcctttcagcaaaaaacccctcaagacccgtttagaggccccaaggggtte 
5 gctcagcggtggcagcagccaactcagcttcctttcgggctttgttagcagccggatccgcgcgcttacagcaggcte^ 
gttccgcgagggccaccccgagatcgcgattgttggcctcggtgaagtggattccgtcgacgccgtcggtgc^ 
ccgcgtcgaagaacggcaccttcatgaacgacgcgagcgcgctgta^ 

tcgaagatcaactggaaccaggggtgcggcatgggcgccagcggtggcggcgagaccaccagcaccttgggtgccgggtac 
gtgg^gccgacgccgcccgcgctgg^gagcacctgcgtgacgagcaccgacatgcccagcgcgatgt^ 
1 0 cggaagtaggccttggtgtcgttggjgcccag 
gtagctcgcgccgttgagccgcggatcggte^ 
tccgctccgagctgctgggccagcacaccgg^ 

ggacccagccccaggtcagggaatcaccgaaacacagaattcgcttggccatggtatatctccttcttaaagttaaaca 
ctagaggggaattgttatccgctcacaattcccctatagtgagtcgtattaatttcgcgggatcgagatctcgat^ 
1 5 cgcatcgtggccggcatcaccggcgccacaggtgcggtt 

tcgccacttcgggctcatgagcgcttgtttcggcgtgggtatgg^ggcaggccccgtggccgggg^ 

ttgcatgcaccattccttgcggcggcggtgctcaacggcctcaacctactactgggctgcttcctaat^^ 

agagcgtcgagatcccggacaccatcgaatggcgcaaaaccm^ 

gggtggtgaatgtgaaaccagtaacgttatacgatgtcgcagagtatgccggtgtctcttatcagaccg^ 

20 aggccagccacgtttctgcgaaaacgcgggaaaaagtggaagcggcgat^ 

caacaactggcgggcaaacag^cgttgctgattggcgttgccacctccagtctggccctgcacgcgccgt^ 
cgattaaatctcgcgccgateaactgggtgccagcgtggtggtgtcgatggtagaacgaagcgg 
cggtgcacaatcttctcgcgcaacgcgtcagtgggctgatcattaactatccgctggatgacc^ 
gcctgcactaatgttccggcgttatttcttgatgtctctgaccagacacccatcaacagtattatttt 

25 actgggcgtggagcatctggtcgcattgggtcaccagcaaatcgcgctgttagcgggcccattaag^ 

gtctggctggctggcataaatatctcactcgcaatcaaattcagccgatagcggaacgggaaggcgactgga^ 
tmcaacaaaccatgcaaatgctgaatgagggcatc^ 

tgcgcgccattaccgagtccgggctgcgcgttggtgcggatatctcggtagtgggatacgacgataccg 
tatcccgccgftaaccaccatcaaacaggattttcgcct^^ 
30 aggcggtgaagggcaatcagctgttgcccgtctcartggtgaaaagaaaaaccaccctggcgcccaatacgcaaac^^ 
cccgcgcgttggccgattcattaatgcagctggcacgaca^ 

gtaagttagctcactcattaggcaccgggatctcgaccgatgcccttgagagccttcaacccagtcag 
gggcatgactatcgtcgccgcacttatgactgtcttctttatcatgcaactcgtaggacaggtgccggca^ 
ggcgaggaccgctttcgctggagcgcgacgatgatcggcctgtcgcttgcggtattcggaatcttgcac^ 
35 cgtcactggtcccgccaccaaacgtttcggcgagaagcaggccattatcgccggcatggcggccgacgcgctgggc^ 
gctggcgttcgcgacgcgaggctggatggccttccccattatgattcttctcgcttccggcggcatcgggatgc^ 
ccatgctgtccaggcaggtagatgacgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgat^ 
tggaccgctgatcgtcacggcgatttatgccgccte^ 

cttgtctgcctccccgcgttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaag^ 
40 gattcaccactccaagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacata^ 
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gcgtccgccatctccagcagccgcacgc^ 

gtcgttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgate^ 

ctgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgttt^ 

agcgccctgcaccattatgttccggatctgcatcgcaggatgrtgctggctaccctgtgg^^ 

ctggcattgaccctgagtgattmctct^ 

tgttcatcatcagtaacccgtatcgtgagcata 

ggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagacatt^ 
aacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctgatgagcttto 

agacaagccc^cagggcgcgtcagcgggtgttggcgggtgtcggggcgcagccatgac^ 

gtgtatactggcttaactatgcggcatcagagra^ 

aaggagaaaataccgcatcaggcgctcttccg^ 

tcagctcactcaaaggcggtaatecggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaa^ 

aaaggccaggaaccgtaaaaaggccgcgftgctggcgt^^ 

ctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccct^^ 

CCf 



cgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactgg^caggat^ 

2CC 



agttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtt^ 

gattecgcgcagaaaaaaaggatctcaagaagatccmgatctmctacggggtctgacgctcag^ 

agggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaa 

gagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctg^ 

ctccccgtcgtgtagataactacgatacgggagggc^ 

cggctccagattatcagcaataaaccagccagccggaagggccgag 

gtctattaattgttgccgggaagctagagtaagt^^ 

tgtcacgctcgtcgtoggtatgg^ 

agcgg^agctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcac^ 
ctcttactgtcatgccatccgtaagatgctmctgtgactggtgagtactcaacc^ 



gggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgate^ 
cmcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacgga^ 

atactcatactcttccttmcaatatt^^ 

aacaaataggggttccgcgcacaWccccgaaaagtgccacctgacgtctaagaaaccattattatca^ 
ataggcgtatcacgaggccctttcgtcttcaagaa (SEQ ID NO: 131) 

This plasmid was transformed into the E. coli strain BL21(APE3)pLysS 
(Novagen), which contains the gene encoding the T7 RNA polymerase, with selection on 
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LA containing 1 00 micrograms/ml carbenicillin. Cells were grown overnight at 37°C. 
One transformant was selected and the strain was designated MSATNcol. 

Production of Perhydrolase in MSATNcol-1 

5 Production of perhydrolase was done in cell culture. For example, 5 ml of LB 

with carbenicillin at a concentration of 100 micrograms/ml was inoculated with a single 
colony of MSATNcol and grown overnight at 37°C with shaking at 200 rpm. This 
culture was used to inoculate 100 ml of LB with carbenicillin at a concentration of 100 
micrograms/ml (in a 250 ml baffled flask) to an ODeoo of 0.1 . The cultures were grown at 

10 30°C with shaking at 200 rpm until they reached an OD<soo of 0.4. The expression of the 
perhydrolase gene was then induced by the addition of 1 00 micromolar IPTG and the 
incubation continued overnight. Cultures were harvested by centrifugation (10 min at 
7000 rpm, Sorvall SS34 rotor), the supernatant was removed and the pellets washed in 50 
mM KPO4, pH 6.8. The cells were centrifuged again, the supernatants removed and the 

15 wet weight of the cells was determined. The cells were resuspended in 100 mM KPO4 in 
a volume that was 4x the wet weight. The resuspended cells were frozen at -70°C. The 
cells were thawed and lysed in a French Pressure cell using standard procedures known in 
the art. The purification steps and assessment methods are provided in Example 1 . 
Figure 6 provides a purification table showing the enzyme activity of the perhydrolase of 

20 the present invention through various steps in the purification process. 

M. smegmatis Perhydrolase is in an Operon 

In additional experiments, it was determined that the M. smegmatis perhydrolase 
is part of an operon. The gene (phd) is the first gene in an operon that contains at least 2 
25 genes, including phd, that are separated by 10 bp (GGCTGGGGGC [SEQ ID NO:7]) not 
including the TAA stop codon of phd. It is also possible that there are three genes in the 
operon, with the third being either 48 bp or 61 bp to the next ORF (open reading frame). 
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The latter two candidate genes have no significant homology to proteins in the database. 

A putative promoter was identified for M. smegmatis phd operon, TTGGGC (-35) 
SP (18) CCAGAT by sequence analysis and comparison with known M. smegmatis 
promoters (See e.g., Salazar et al, Microbiol., 149:773-784 [2003]). It is not intended 
that the present invention be limited to any particular promoter and/or construct design, as 
it is contemplated that other promoters and construct designs will find use in the present 
invention. 

The second gene in the phd operon encodes a protein (putative PBP-3) with the 
sequence: 

mhhpaltwUwglfiswgcssspdpadrfeaf^ 

gddagatlkytwtwgegnlfgydttat^ 

verahpesaaplaallapfdpttttesvtaqh^ 

elwhcMtanagwsvylvdadgapaqqltstppkdtgpvrttldlmiqllaqqavaketrpavw 

dpqgaiafeglyppgstnctittaaaldaglatpdtpva^ 

altdmakdfgigvdfiiivpglttvtgrvpnadnaaqrvengigqgtvtvspf^ 

lppmtdalrainmrgtvtegtatalsdipdlgg^ 

g(SEQIDNO:9) 

The corresponding DNA sequence of the gene encoding the putative PBP-3: 
atgcacttacgtc^grtctgacgtggctcctgg^ 

accggttctcggcgttcgccgaggcgctgggccgcaaggatgcggccgcggcggccgcccagaccagcgatccggcggcc 
gcggaggcggccatcaccgcgatgctggccgggatgggcgacgccgcgaacgtctcggtggccgccgaacccgaggaagg 



ggccaaatccggtgacgactggctgatcacctggtccc^ 

agcgaggacagcgaattgcagaccccggtgctcgaccgcaccggccagccgttgatgacatggcagaccgtcggtgtcatcac 
tgtcgaacgcgcacatccggagtcggccgcaccgctcgccgccctgctggcgcccttcgatccgaccaccaccaccgaatcgg 



cagctcgcgcagatccccggcgtgaccgtgcgtgagcagggtgagctgctcaccgccgaccggcagctgtcctcgcccgccat 

cagcggcctggacgagctgtggcacgaccggatcaccgccaacgcgggctggtcggtgtacctggtcgacgccgacggtgca 

cccgcacaacagctcacgtccacgccgcccaaggacaccgggcccgtgcgcaccacgctggacctgcgcatgcaactgctcg 

cgcagcaggccgtggccaaggagacccgcccggccgtggtggtcgcgatctccggatcgaccgggggcatcctggccgccg 

cacagaacccggccgccgatccgcaaggtgcgatcgcgttttcgggcctgtacccgccggggtcgacgttcaagaccatcacc 

acggcggcagccctcgacgcgggcctggccaccccggacacaccggtggcctgcccgggtgagctcaccatcgagaaccgc 

acgatccccaacgacgacaacttcgacctgggcaccgtgccgttgtcgtcggcgttctcgcactcctgcaacaccagcatggcc 
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cctgaccaccgtgaroggccgtgtccccaacgccgac^^ 
gaccgtcagcccgttcggcctcgccgtcgccgag^ 



acgcactcgcacggctggttcgcgggcatcgcgggcgacatc 
cggccgtcgcgatctcaggagacttcctgcgccccgcgctcgocggctag (SEQ ID NO:8). 

A standard BLAST search against the protein database identified homology with 
several penicillin binding proteins, class 3 (PBP-3). By sequence alignment and 
comparison to literature (e.g., Goffin and Ghysen, Microbiol. Mol. Biol. Rev., 66:702-38 
[2002]) the PBP was found to contain the required bar codes (conserved protein 
sequences that define a class of proteins) to place it in the SxxK superfamily of acyl 
transferases, with a C-terminal domain acyl transferase and an N-terminal domain of 
unknown function, but with homology to the Pen (i.e., penicillin resistant) protein 
fusions of class B-like H and III. This penicillin binding protein acyl transferase domain 
does not share significant homology with the perhydrolase of the present invention, 
although it does share homology with Co-A dependent acyl transferases known in the art. 
The amino acid sequence is provided below. 

MHLRPALTWLLWGLFISWGCSSSPDPADRFSAFAEALGRKDAAAAAAQTSDP 

AAAEAArTAMLAGMGDAArWSVAAEPEEGDDAGATLKYTWTWGEGRDFGYDT 

TATAAKSGDDWLITWSPTVLHRDLTPDI^FQYSEDSELQTPVLDRTGQPLMTWQ 

WGVITVERAHPESAAPLAALLAPFDPTTTTESVTAQLNSTTDDRV 

1X3QVRDQIAQIPGVTVREQGELLTADRQLSSPAISGLDELWHDRITANAGWSVYL 

VDADGAPAQQLTSTPPKDTGPVRTTLDLRMQLLAQQAVAKETRPAVWAISGS 

TGGILAAAQNPAADPQGAIAFSGLYPPGSTFKTTTTAAALDAGLATPDTPVACPG 

ELTIENRTEPNDDNFDLGTVPLSSAFSHSCNTSMAALSDELPPNALTDMAKDFGIG 

VDFMVPGLTTVTGRVPNADNAAQRVENGIGQGTVTVSPFGLAVAEASLAHGSTI 

LPTLVDGEKTTADTPSWLPPNITDALRAMMRGTVTEGTATALSDIPDLGGKTGT 

AEF GDNTH SHG WF AGIAGDIAF ATL WGGD S S AP AV AIS GDFLRP ALAG (SEQ ID 

NO:10) 

The family-identifying bar codes provided in the above review were: (1 9) V (20) 
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G/A (140) PVxDRTG (142) TxDx3Q (22) TGGxLAx4PaxDP (13) SxxK (51) SCN (131) 
KTG (50) marked in bold letters in the above sequence. The letters represent the amino 
acid sequence defining the bar code; the numbers in brackets are the intervening number 
of amino acids between the particular bar codes; "x" represents any amino acid, (i.e., the 
5 amino acids are not conserved within the bar code but the number of amino acids (e.g., x3 
corresponding to 3 intervening amino acids) is conserved). Based on these results and 
other data, as described herein, it is clear that the perhydrolase of the present invention 
represents a unique enzyme class. 



In tins Example, methods used to express the perhydrolase in P. citrea are 
described. The plasmid pMSATNcol was transformed into P. citrea by electroporation 

1 5 using the method essentially as known in the art (See e.g., Sambrook et al, supra) except 
that all cultures and recovery were done at 30°C. The transformants were plated on L 
agar + carbenicillin (200 ng/ml) and incubated overnight at 30*C. Three transformants 
were picked for analysis. Each colony was used to inoculate a 30 ml culture of LB + 
carbenicillin (200 fig/ml) and grown overnight at 30°C with shaking at 200 rpm. The 

20 cells were pelleted by centrifugation, washed one time in 50 mM phosphate buffer pH 
7.2, and finally resuspended in 4x the wet cell weight of 100 mM phosphate buffer pH 
8.0. The cells were lysed by treatment with lysozyme (2 \il of a 10 mg/ml solution per 
one ml of P. citrea culture) at 37°C for one hour. The cell debris was pelleted at 13,000 
rpm in a microfuge for 5 min. The resulting supernatant was used for further analysis in 

25 SDS-PAGE and Western blots, as well as assays for enzyme activity. 

SDS-PAGE analysis was carried out as known in the art (See e.g., Sambrook et 
al., supra) on the supernatants. Detection of the perhydrolase protein by Western blot 
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was done using an anti-perhydrolase polyclonal anti-sera (prepared from purified 
perhydrolase protein by Covance). The blot was developed as per manufacturer's 
suggestions using the ECL plus kit (Amersham). 

The enzymatic activity of the expressed perhydrolase was detected by the pNB 
5 (para-nitrophenylbutyrate) assay as described in Example 1 , herein* The results are 
provided in the 

Table 5-1. Enzymatic Activity of Perhydrolase Expressed by P. citrea 

Concentration 

Clone OD405 Rate (mg/Iiter) 

P. citrea/ 

pMSATNcol 3,1129 0.47948 7.1922 

Control (P. citrea) 2.6187 -9.8312 0 



The SDS-PAGE and Western blot results, as well as the assay results indicated 
10 that the perhydrolase is expressed by P. citrea and is active. 

EXAMPLE 6 
Expression of the Perhydrolase in Bacillus subtilis 

1 5 The perhydrolase was expressed intracellularly in B. subtilis. A variety of 

promoters find use in this embodiment, including but not limited to pSPAC, pAprE, 
pAmyE, pVeg, pHpall. In some embodiments, the construct is present on a replicating 
plasmid (e.g., pBHl), while in other embodiments, it is integrated into the chromosome 
in one or more copies. Examples of sites for integration include, but are not limited to the 

20 aprE, the amyE, the veg or the pps regions. Indeed, it is contemplated that other sites 
known to those skilled in the art will find use in the present invention. 

A. Intracellular Expression of the Perhydrolase in Bacillus subtilis From 
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a Replicating Plasmid 

B. subtilis expresses a lipase/esterase encoded by the gene pnbA that hydrolyzes 
the pNB substrate used to detect activity of the perhydrolase. To identify B: subtilis 
strains expressing the perhydrolase after transformation with replicating or integrating 
5 plasmids the pnbA gene (the entire coding sequence) was first deleted from the desired 
host using the loxP cassette deletion method described in WO 03/083 125, herein 
incorporated by reference. It is also noted that other strains of Bacillus may contain one 
or more lipases/esterases capable of hydrolyzing the pNB or other substrate used as an 
indicator for perhydrolase activity. In some embodiments, for optimal expression and/or 
10 activity detection it is necessary to delete one or more of the lipases/esterases from die 

hosts. The Bacillus subtilis strain used in this Example has the genotype Bacillus subtilis 
comK pnbA (p/ifc^loxP-spec, aprE, nprE, degUHy32, oppA, spoUE3501 and will be 
referred to as "B. subtilis pnbA" (See e.g., WO 03/083125, supra). 

In these experiments, a consensus Bacillus ribosome binding site (RBS) was used. 
15 It is not intended that the consensus RBS be the only sequence used for expression, as a 
non-consensus RBS also finds use in the present invention. The RBS of pMSATNcol 
(See, Example 4) was changed to a Bacillus consensus RBS from the 16S rRNA (5'- 
ATAAGGAGGTGATC -3' [SEQ ID NO: 132]) of B. subtilis and a Hindm site was added 
to the 5' end of the RBS by PCR using a primer (502rbsforward primer) containing the 
20 desired changes. The reaction was carried out using an MJ Research PCR machine with 
30 cycles of (1 min at 95'C, 1 min at 55°C, and 1 min at 72*C). Template DNA 
(pMSATrbs) was added to a 50 ul reaction (10 ng) and 10 picomoles of each primer were 
used. 

The PCR-generated phd cassette was cloned into the PCR cloning vector, pCR- 
25 Script CM (Stratagene) and transformed into E. coli ToplO cells (hwitrogen) to make 
pAH502R. The complete sequence of this plasmid is provided below. 
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ctaaattgtaagcgttaatattttgttaaaattc 

aaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaagagtcca 
ctattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcacc 
ctaatcaagtttWggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagcccccgatttagagcttgac 




taagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacggccagtgagcgcgcgtaatacgactcacta 
tagggcgaattgggtaccgggccccccctcgaggtcgacggtatcgataagcttgatatcgaattcctgcagcccggggg 
10 atccgcccaagcttaaggaggtgatctagaattccatggccaagcgaattctgtgtttcggtgattccctgacctggggc 



;atccgcggctca 
c 

;c 



15 gggcggcgtcggcaccacgtacccggcacccaaggtgctggtggt<^cgccgccaccgctggcgcccatgccgcacccct 
ggttccagttgatcttcgagggcggcgagcagaagaccactgagctcgcccgcgtgtacagcgcgctcgcgtcgttcatg 
aaggtgccgttcttcgacgcgggttcggtgatcagcaccgacggcgtcgacggaatccacttcaccgaggccaacaatcg 
cgatctcggggtggccctcgcggaacaggtgcggagcctgctgtaaaaggatccccgggaagcttgcatgggctagagcg 



20 tgttta 



tgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggg^ 
aacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttcca 
25 taggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagat 



ctwcttcgggaagcgtggcgctttctcatag^ 

gggctgtgtgcacgaaccc^ccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa 

gacacgacttatcgccactggcagcagccactggt^^ 
30 ttgaagtggtggcctaactacggctacactagaaggacagtamggtatctgcgctctgctgaagccagttaccttcgg 

aaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagatta 

cgcgcagaaaaaaaggatctcaagaagatccWgatcttttctacggggtctgacgctcagtggaacgaaaactcacgt 

taagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttcgaccgaataaatacctgtgacggaag 

atcacttcgcagaataaataaatcctggtgtca^gttgataccgggaagccctgggccaacttttggcgaaa^ 

35 gttgatcggcacgtaagaggttccaactttcaccataatgaaataagatcactaccgggcgtatttmgagttgtcgag 

attttcaggagctaaggaagctaaaatggagaaaaaaatcactggatataccaccgttgatatatcccaatggcatcgta 

aagaacatmgaggcamcagtcagttgctcaatgtacrtataaccaga 
aagaccgtaaagaaaaataagcacaagtmatccggcctttatt^^ 
attacgtatggcaatgaaagacggtgagctggtgatatgggata^ 
40 ctgaaacgtmcatcgctctggagtgaataccacgacgatttccggcagtttctacacatatattcgcaagatgtggcg 



175 



WO 2005/056782,. „ „ H ™ -k a-u 

GC821-2 °^ 



PCT/US2004/040438 



tgttacggtgaaaacctggcctatttccctaaagggtttattgagaatatgtttttcgtctcagccaatccctgggtgag 
tttcaccagttttgatttaaacgtggccaatatggacaacttcttcgcxccgttttcacxatgggcaaatattatacgca 



atgaattacaacagtactgcgatgagtggcagggcggggcgtaatttttttaaggcagttattggtgcccttaaacgcct 
ggttgctacgcctgaataagtgataataagcggatgaatggcagaaattcgaaagcaaattcgacccggtcgtcggttca 



cttctcaaatgcctgaggccagmgctcaggctctccccgtggaggtaat^ttgacgatatgatcctttttttctgat 
caaaagtgc*catcattggaaaacgttcttcggggcgpaaactctcaaggatcttaccgctgttgagat^ 
taacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggca 
aaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagca 
tttatcaagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcac 

atttccccgaaaagtgccac (SEQ ID NO: 133) 

Transform ants were selected on L agar containing 100 ug/ml carbenicillin. The 
construct was confirmed by sequencing and biochemical assays (e.g., pNB activity assay) 

Primer set for pAH502R construction: 
502rbsForward primer: 

5'- ccaagcttaaggaggtgatctagaattccatggccaagcgaattctgtgtttcg-3' (SEQ ID NO:134) 
502Reverse Primer 

5'- ggggatccttttacagcaggctccgcacct-3 ' (SEQ ID NO:135) 

The Hindm-RBS-phd-BamHl DNA fragment from pAH502R was cloned into 
the pSPAC containing vector, pMUTIN4 (See, Vagner et aL, Microbiol., 144, 3097-3104 
[1998]) creating the construct pAH503. The complete sequence of pAH503 is provided 
below: 

ataattctacacagcccagtcx»gactattcggcactgaaattatgggtgaagtggtcaagacctcactaggcaccttaa 

;cacaa 



gagcggaaagatgtmgttctacatccagaacaacctctgctaaaattcctgaaaaattttgcaaaaagttg^^ 

tatctacaaggtgtggcataatgtgtggaattgtgagcgctcacaattaagcttaaggaggtgatctagaattccatggc 

caagcgaattctgtgtttcggtgattccctgacctggggctgggtccccgtcgaagacggggcacccaccgagcggttcg 



cgcaccaccaacatcgacgaccccaccgatccgcggctcaacggcgcgagctacctgccgtcgtgcctcgcgacgcacct 
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tgagrtcgcccgcgtgta^gcgcgctcgcgtcgttcatgaaggtgccgttcttcgacgcgggttcggtgatca^ 



ctgtaaaag 

tggcgtaatagcgaagTggcccgcaccgatcg^ 



10 act] 



ttttgatggcgttaactcggcgtttcatctgtggtgcaacgggcgctgggtcggttacggccaggacagtcgtttgccgt^ 

rtgaamgaartgagcgcatttttacgcgccggagaa^ 

tattfggaagatcaggatatgtggcggatgagcggw^ 
15 cagcgatttccatgttgccactcgctttaatgatgatttcagccgcgctgtactggaggctgaagttcagatgtgcggcg 

agttgcgtgactacctacgggtaacagmctttatggcagggtgaaacgcaggtcgc^gcggcaccgcgcctttcggc 

ggtgaaattatcgatgagcgtggtggttatgccgatcgcgtcacactacgtctgaacgtcgaaaacccgaaactgtggag 

cgccgaaatcccgaatctctatcgtgcggtggttgaactgcacaccgccgacggcacgctgattgaagcagaagcctgcg 

atgtcggmccgcgaggtgcggattgaaaatggtctgct^^^ 

20 



tggtggatgaagccaatattgaaacccacggcatggtgccaatgaatcgtctgaccgatgatccgcgctggctaccggcg 



25 gcggagccgacaccacggccaccgatattatttgcccgatgtacgcgcgcgtggatgaagaccagcccttcccggctgtg 



gggtaacagtcttggcggtttcgctaaatactggcaggcgtttcgtcagtatccccgtttacagggcggcttcgtctggg 
actgggtggatcagtcgctgattaaatatgatgaaaacggcaacccg^ggtcggcttacggcggtgatW 
ccgaacgatcgccagttctgtatgaacggtctggtcmgccgaccgcacgccgcatccagcgctgacggaa^ 
30 ccagcagcagtttttccagttccgtttatccgggcaaaccatcgaagtgaccagcgaatacctgttccgtcatagcgata 
acgagrtcctgcactggatggtggcgctggatggtaagccgctggcaagcggtgaagtgcctctggat^ 



;ca 



accgaacgcgaccgcatggtcagaagccgggcacat^ 

cgctccccgccgcgtcccacgccatcccgcatctgaccaccagcgaaatggatttttgcatcgagctgggtaa^ 
35 tggcaamaacxgccagtcaggcmctttcacagatgtggattggcgataaaaaacaactgctgacgccgctgcgcga 
tcagttcacccgtgcaccgctggataacgacattggcgtaagtgaagcgacccgcattgaccctaacgcctgggtcg^ 



tcaa^ggciattaccgttgatgttgaagtggcgagcgatacaccgcatccggcg^ 
40 cgcag 



177 



WO 2005/056782, „,,„. „ „ Q 
GC821-2 ^ '*f? 



PCT/US2004/040438 



gaccgctgggatctgccattgtcagac»tgtataccccgtacgtcttcccgagcgaaaacggtctgcgct^ 



aaaccagccatcgccatctgctgcacgcggaagaaggcacatggctgaatatcgacggtttccatatggggattggtggc 
gacgactcctggagcccgtcagtatcggcggaattacagctgagcgccggtcgctaccattaccagttggtctggtgtca 



aaaai 



cggtggaaacgaggtcatcatttccttccgaaaaaacggttgcatttaaatcttacatatgtaatactttcaaagactac 
amgtaagamgatgmgagtcggrtgaaagatcgtacgtaccaattattgtttcgtgattgttcaagccata^ 



cat 



gtttctgcgaaaacgcgggaaaaagtggaagcggcgatggcggagctgaattacattcccaaccgcgtggcacaacaact 
ggcgggcaaacagtcgttgctgattggcgttgccacctccagtctggccctgcacgcgccgtcgca^ 
ttaaatctcgcgccgatcaactgggtgccagc^^ 



atgaagacggtacgcg, 
agttctgtctcggcgcgtctgcgtc^ 
ggaaggcgactggagtgccatgtccggtmcaacaaaccatgcaaatgctgaatgagggc^ 
t^gccaacgatcagatggcgctgggcgcaatgcgcgccattaccgagtccgggctgcgcgttggtgcggatatctcg 
gtagtgggatacgacgataccgaagacagctcatgttatatcccgccgtcaaccaccatcaaacaggattttcgcctgct 



tegtgaaaagaaaaaccaccctggcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctg 
gcacgacaggttcccgactggaaagcgggcagtgagcg^ 

etc^certgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgt^ 
& & eo o ■=> ~>~ - . . ■ ~ — ~ i ~acccagteacgtagcgata 



gcggagtgtatactggcttaactatgcggcatcagag^ 

acagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcartgactcgctgcgctcggtc 
ctgcsecgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacat 

gtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgttmccata^ 
acgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccct 

ggaag<*ccctcgtgcgct<*cctgttccga^ 

ggcgcmctcaatgctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctg^^^ 
cccccgttcagcccgaccgctgcgccttato^ 

ctggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaa 

ctacggctacactagaaggacagtamggtatrtgcgctctgctgaagccagttaccttcggaaaaagagttggt^ 
cttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaagga 
tctcaagaagatccmgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcat 
gagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagt 
aaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttca^ 



cccacgctcaccggctccagatttatcagcaa^ 
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tatccgcctccatccagtctat^^^ 

gttgctattgctgcaggcatcgtggtgtcacgctcgtcgmggtatggcttcattcagc^^ 
gcgWacWatcc^^ 



ccgca] 



taateccgcgccacatag^^ 
taccgctgttgagatcca^^ 
tctgg^gTgca^caggaaggcaaaatgccgcaaa^ 
ctt^caatattattgaagcatttatcagggttattgtctcatgagcggatacatam 
ataaacaaataggggttccgcgcacamccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacat^ 

acctataaaaa^cgtatcacgaggccc^cgtcttcaagaattgatcctctagcacaaaaga 
caTaatcagtgc^^ 



Pcastatcttaaaatmgtataataggaattgaagttaaattagatgctaaaaamgtaattaagaa^^ 
Licaaaaatataaaatattctcaaaactttttaacgagtgaaaaagtactcaaccaaat 
aaWaaccgataccgtttacgaaattggaacaggtaaagggcatttaacgacgaaa^^ 
to a o^ n tta« a ttaa a carfcatctattcaacttatcgtcagaaaaattaaaactgaatactcgt^ 



taac; 



caccWatattctacagttte^^ 
acaaattattaaaaaagtggttttgaaa^ 



tKctSatcctaaaccaaaagtaaacagtgtcttaataaaacttacccgccataccacmgatgttccagataaatattg 

gaagctatatacgtactttgmcaaaa^ 
c2£aacac^^ 

tttaacgggaggaaataattctatgagtcgctWgtaaatttggaaagttacacgtta^ 
tattagfatacLtgacagcttccaaggagctaaagaggtccctagactctaga^ 
tggtSgactctc^gcttgaggcatcaaataaaacgaaaggctcagtcgaaagartggg^ 
tSgSgaacgct^cctgagtaggacaaatccgccgctctagct^ 

tgfgtc^^^^ 

tcagaacgctcggttgccgccgggcgtttmatgcagcaatggcaagaacgttg^^ (SEQ IDNO.136) 



The construction of pAH503 was confirmed by RFLP and pNB activity assays. 
The pSPAC-RBS-phd DNA cassette was isolated as a BglWSmal digest and then 
subcloned into the replicating plasmid pBHl , digested with Bamm/EcoRV {See e.g., EP 
0275509) to create pAH505 (See, Figure 14). The complete sequence of the plasmid is 
provided below. 
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gatcttccaagatatcctaacagcacaagagcggaaagatgtmgttctacatccagaac^cctctgctaaaattcc^aaa^ttt 

tgcaaaaagttgttgactttatctacaagg^ 
aattccatggccaagcgaattctgtgmcggtgattccctgacct^ 

ggttcgcccccgacgtgcgctggaccggtgtgctggcccagcagctcggagcggacttcgaggtgatcgaggagggactgag 

CgCf 



ggcatgtcggtgctcgtcacgcaggtgrtcaccagcgcgggcggcgtcggcaccacgtacccgg^ 



gaatccacttcaccgaggccaacaatcgcgatctcggggtggccctcgcggaacaggtgc^ 
atcecatgcggtacctctagaagaagcttggagacaaggtaaaggataaaacagcacaattccaagaaaaacacga^gaac 

ctaaaaagaacgaatttgaactaactcataaccgagaggtaaaaaaagaacgaagtcgagatcagggaatgagmta^^ 

aaaaagcacctgaaaaggtgtcttttmgatggtmgaacttgttcmcttatcttgatacatatagaaataacg^ 

ectgaaaggtgcgttgaagtgttggtatgtat^^ 

a^gttataagtgactaaacaaataactaaatagatggg^ 

tcaagggttttagtggacaagacaaaaagtggaaaagtgagaccatggag 

tctg^ttcttgaatttaaaaaggrtgaaagagtaaaagattgtgctgaaatattagagtata^^ 

aeaaagttgtatcgagtgtggtmgtaaatccaggcmgtccaatgtgcaactggaggagagcaatgaaacatggcatt^ 

cLaag^gttgctgaagttattaaacaaaagccaacagttcgttggttgtttctca^^ 
gaattaaataagagmgtcagatatggctcaaggamcgccgaatgatgcaatataaaaaaattaa^ 
Waacggaagtgacaataaataataaagataattcttataatcagcacatgcatgtattggtatgt^ 
gaatacagaaaactacgtgaatcaaaaacaatggattcaatmggaaaaaggcaatgaaattagactatgatccaaatgtaaaagt 




^gttaaaagaaatacataaaaaattaaaccttgatgacacagaagaaggcgamgattcatacagatgatgacgaaaaagccg 
atgaagatggattttctattattgcaatgtggaattgggaacggaaaaar 



caaatattcttatttagaaaagcaaatctaaaattatctgaaaagggaatgagaatagtgaatggaccaataataatgactagagaa^ 
aaagaatgaagattgttcatgaaattaaggaacgaatattggataaatatggggatgatgttaaggctattgg^ 

gtcg 



acc; 



acacatggtcaatttttctctatmg^ 

caaacgttccacgatgcgamgtgccc^atcgtagaagagctgmgaatatgcaggcaaatggcgtaa^ 



gaecgcttcggtcttaactgaagcagttaagcaatcagatcttccttcaggttatgaccatct^^ 
tttccgact 

gatgtgtcaaaacgcataccat 
attatcat] 

ascsaatv&**>*fci****»* " *» — -oo""-^- — c? ■ — ■ — — . + . . « 

ttgccagtcggggatattaaaaagagtataggttmattgcgataaactaggmcactttggttcacca^ 
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ctaatgtgtaatgaggttcggattcatctatgggaggcaagtgatgaaggctggcgctctc^ 
gjgcggagtcgtttattgctggtactgctagttgccgcattgaagtagagggaattgatgaatta 

attttgcaccccaatacatcattaa^ 
ttttcaac^aal^aaagctaaaatctattattaatctg^cagcaatc 
5 gtatctttmattttgagtggtmgtccgttacactagaaaac^gaaagac^ 
ctagacaaaacggacaaaataaaaattggcaagggftt^ 
tgctgatttttaaacgagcacgagagcaaaacccccctttgctgaggtggc^ 
aagaaaggtcttaaaggttttatggttttg^ 

ttatactttacttggaagtggttgccggaaagagcgaaaatgcctcacatttgtgccacctaaaa^ 
10 gcagtttgtagaatgcaaaaagtgaaatcagggg (SEQ ID NO: 137) 



The ligation mixture for pAH505 was transformed into Bacillus subtilis pribA. 
1 5 Correct transformants were verified by RFLP and sequencing of isolated plasmid DNA. 
One transformant was selected for analysis (B. subtilis pnbA/pAH5Q5). 

Expression of the perhydrolase in Bacillus was assayed using the pNB Activity 
Assay described herein, after growth of the desired strain in shake flask. The data 
showed that the perhydrolase was expressed in B. subtilis pnbA. 

20 

B. Intracellular Expression of the Perhydrolase in B. subtilis pnbA by 
Integration into the Chromosome 

25 An additional construct useful to determine expression of the perhydrolase {act) 

gene integrated into the chromosome of B. subtilis pnbA involved use of the spoVG 
promoter, which was found to drive expression of the perhydrolase gene in a non- 
replicating (Le., integrating plasmid). In some embodiments, one site of integration is the 
aprE region of B. subtilis, although it is intended that integration occur at any suitable 

30 site. Indeed, it is not intended that the present invention be limited to this specific site nor 
this specific promoter, as various other suitable sites and promoters find use in the present 
invention. 
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The configuration of the promoter/gene at the aprE locus in the chromosome of 
Bacillus subtilis was as follows: 

pAprE-aprE first 7 codons-translation stop-pSpoVG-ATG-perhydrolase gene from 
5 * second codon 

The clone was constructed as described below. The primers used were: 

10 Up5'F 

caggctgcgcaactgttgggaag (SEQ ID NO: 13 8) 

FuaprEAct34R 

15 agtagttcaccacctWccctatataaaagcattagtgtatcaatttcagatccacaatt^ (SEQ ID 

NO:139) 

FuaprEAct4F 

Aattgatacactaatgcttttatatagggaaaaggtggtgaactactatggccaagcgaattctgtgtttcggtg (SEQ ID 
20 NO:140) 

jRsi»I-DnAct504R 

gtgagaggcaltcggatccttttacagcaggctccg (SEQ ID NO: 141) 

25 „ 

PCR fusion is a technique well known in the art, in which two or more fragments 

of DNA are generated either by restriction digest or by PCR amplification. The 

fragments have overlapping segments, usually at least 18 bases long. In the instance that 

two fragments are used, the 3' end of fragment #1 has an overlapping sequence with the 

30 5' end of fragment #2. The two fragments are used as template in a PCR reaction in 
which the primer set used hybridizes to the 5' end of fragment #1 (forward primer) and 
the 3' end of fragment #2 (reverse primer). During the amplification, the two regions of 
overlap hybridize forming a single template from which the two primers can amplify a 
full length fragment, a "fusion" of fragments #1 and #2. Multiple fragments of any length 

35 can be used in such a reaction, limited only by the ability of the chosen polymerase to 
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amplify long DNA pieces. 

In the current example, the above construct was made by PCR fusion of two PCR 
products the above construct was made by PCR fusion of two PCR products. The first 
was a construct with the spoVG promoter added upstream of tiusphd gene. The second 
was the aprE promoter and first 7 codons of aprE, followed by a stop codon. Regions of 
20 bp overlap were added on the 5' and 3' ends of the products respectively, to allow the 
PCR fusion reaction. The primer set FuaprEAct4F/BsmI-DnAct504R was used to 
amplify the perhydrolase gene from pAH505 as described above, which added the spoVG 
promoter sequence (contained within the primer) to the 5' end of the gene and changed 
the start codon from ATG to GTG. To create the second product (pAprE plus the first 7 
codons of aprE) for the fusion, the primer set Up5'F/FuaprEAct34R was used to amplify 
a fragment from pBSFNASally. Figure 15 provides a map of this plasmid. The complete 
sequence of pBSFNASally is provided below. 

ctaaattgtaagcgttaatatmgttaaaattcgcgttaaattmgtt^ 
cccttataaatcaaaagaatagaccgagatagggttgagtgtt^ 

caacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaagtttmg 



ctcttcgctattacgccagctggcgaaagggggatgtgctgcaaggcgattaag^ 

gttgtaaaacgacggccagtgagcgcgcgtaatacgactcactatagggcgaattggagctccaccgcggtggcggccgctcta 



aaaagcctctgccccttgcaaat^ 
atgtcWcttggcgaatgttcatcttamcttcctccxtctcaataatttm 

ttatcatcatgcmgaaaaaatatcacg^^ 

aamgccgggactcaggagc>amaacctaaaaaag 

atgaaaatagttatttcgagtctctacgg^ 

ctaaaatattattccatctattacaataaattcacagaatagtcttttaagtaagtctac^ 



egcaeegaaatcaaacggggaaaagaaatatattgtcgggtttaaacagacaatgagcacgatgagcgccgctaag 



aaagaattgaaaaaagacccgagcgtcgcttacgttgaagaagatcacgtagcacatgcgtacgcgcagtccgtgccto 
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rtatcacaaattaaagcccctgctctgcactctcaaggctacactggatcaaatgttaaagtagcgg^ 

cttctcatcctgamaaagg^^ 

ctcacgttgccggcacagttgcgg^^ 

tetc^gctgacggttccggccaatacagctggatcattaacggaat^^ 

tmStcggcggaccttctggttctgctgctttaaaagcggcagttgataaagccg^ 

agSgc^ccaaagagcatcmctcaagcgtaggacctgagcttgatgtcatggc^cctggcgtatcta^ 
t^aicaaatacggcgcgttgaacggtacatcaatggcatctccgcacgttgccggagcggctgcWgattctttctaagcacc 

cfaactggacaaacaclca^^ 

afcaacgtecaggcggcagctcagtaaaacataaaaaaccggccttggccccgccggm 

atccgctccataScgacggatggctccctctgaaaattttaacgagaaacggcgggttgacccggctca^ 

agtccteaaacgtctcaatcgccgcttcccggtttccggtcagctcaatgccgtaacggtcggcggcgtmcctgata^ 

afggcStcgtStcggat^ctagagtcgatttttacaagaattagc^ 

acagaaatgtattgcaatcttcaactaaatccaWgattctctccaa^^ 
ca^atac^ccatgttataacacataaaaacaacttagtmcacaaactatgacaataaaaaaagttgcttttt 

gt^tagtcatttaaaacgatacattaataggtacgaaaaagcaacttt^ 

KScgccggcaatagttaoocttattatcaag^ 

tttaaaatetatatttatgttacag^ 

actttagataaaaawaggaggcatatcaaatgaactttaataaaattgatttagacaatt^ 



ggalLgttagagccactttatac^^ 

^tgatttateiwctgatgtagagaaatataatggttcggggaaattgWcccaa^ 
ctattattccat^^ 

ttaataaaggtaattcaatatatttaccgctatcmacaggtacatcattctgmgtgatggttato 
tcaggaa^cagataggcrtaatgactggcttttataatatgagataatgccgactgtac^ 

accfgccccgWagttgaagaagg^ 

ttgctttettgacgttgagcctcggaacccttaacaatccca^ 



cattc^ctgcaagtttagttaagggttcttrtcaacgcacaataaattttctcggcataaatgcgtggtctaattmat^ 

g^gtgattttocaaacgagcmcaaaaaagcctctgccccttgc^ 
cagcg^gcaatggcggccg^^ 

agrfcatttgaacgaatttmcgacaggaamgcxgggactcaggagcatttaacctaaaaaagcatgacamcag^ 
cStactaitgtata^ 

gataaaatcatctcaaaaaaatgggtctactaaaatattattccatctattacaataaattcacagaa^ 
eaatttttttatcaagcttatcgataccgtcgacctcgagggggggcccggtacccagctmgttcccto^ 

cgcttggcgtaatcatggtcatagrt^^ 
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cgtgccagctgcattaatgaatcggc^^ 

tcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatcw 

acgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgttWcc 

ctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggc 

gmccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagc 

gtggcgcmctcatagctcacgctgtaggtatrtcagttcggtgtaggtcgttcgctccaagctgggrt^ 

gttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaagacacg^ 
cactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactaga 

aggacagtamggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatcc^ 

gctggtagcggtggttttmgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatccmgatcttttcte^ 

ggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttt^ 

taaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacag^ccaatgcttaatcagtg^ 

gcgatctgtctamcgttcatccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccc^ 

gtgctgcaatgataccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgc 

agaagtggtcctgcaactttatccgcctccatccagt^ 

gcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtcgmggtatggcttcattcagctccgg^cccaacgatca 
aggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaag^ 

gtgttatcactcatggttatggcagcactgca^ 
ccaagtcattctgagaatagtgtatgcggcgac^^^ 

aacmaaaagtgctcatcattggaaaacgttcttcggggcgaaaaactcaaggatcttaccgctgttgagatccagttcgatgtaa 
cccactcgtgcacccaactgatcttcagcatctmactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgca 

aaaaagggaataagggcgacacggaaatgttgaatactcatactcttccttWcaatattattgaag 
atgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccac (SEQ 

IDNO:142) 



The two PCR products were subjected to fusion PCR as known in the art to create 
the 1 .5 kb fusion. The resulting fusion product was then cloned into PCR2.1TOPO to 
produce pCP609 (See, Figure 16) and sequence below). 



caggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgctattacgccagctggcgaaagggggatgtgctgcaa 
ggcgattaagttgggtaacgccagggtttcccagtca^ 

atagggcgaattggagctccawgcggtggcggccgctctagaactagtggatcccccgggctgcaggaattctccatm^^ 

gctatcaaaataacagactcgtgattttccaaacgagcmcaaaaaagcctctgccccttgcaaatcggatgcctgtctataaaatt^ 

ccgatattggttaaacagcggcgcaatggcggccgcatctgatgtcmgcttggcgaatgttcatcttamcttcctccctctca^^ 

attttttcattctatcccttttetglaaa 

cggaagcacacgcaggtcamgaacgaattttttcgacaggaatttgccgggactcaggagcatttaaccta^ 
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tttcagcataatgaacamactcatgtctatmcgtt^^ 

tatacctaaatagagataaaatcatctcaaaaaaatgggtctactaaaatattettccatctattacaataaattcacagaategtctttt 

aagtaagtctactctgaattttmaaaaggagagggtaaagagtgagaagcaaaaaattgtggatctgaa^ 
ttatatagggaaaaggtggtgaactactatggccaagcgaattctgtgWcggtgattccctgacctggggctgggtcccc^cga 

agacf 



gccgtcgtgwtcgcgacgcacctgccgctcgacctggtgatcatcatgctgggcaccaacgacaccaaggcctacttccggcg 



cggtgat 



agcctgctglaaaaggatccgaatgcctctcacaagggcgaattctgcagatatccatcacactggcggccgctcgagcatgcat 
ctagagggcccaattcgwctatagtgagtcgtattacaattcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcg 
ttacccaacttaatcgcc^gcagcacatcccccmcgccagctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaa 

cae 



tctaaatcgggggctccctttagggttccgattta^ 

agtgggccatcgccctgatagacggttmcgcccmgacgttggagtccacgttctttaatag^ 
aacactcaaccctatctcggtctattctmgatttataagggatWgccgatttcggcrtattggttaaaaaatgagctga 
aatttaacgcgaattttaacaaaattcagggcgcaagggctgctaaaggaagcggaacacgtagaaagccagtccgcagaaacg 
gtgctgac^ggatgaatgtcagctactgggctatctggacaagggaaaacgcaagcgcaaagagaaagcagg^ 



aggttgggaagccctgcaaagtaaactggatggctttcttgccgccaaggatctgatggcgcaggggatcaagatctgatcaaga 
gacaggatgaggatcgtttcgcatgattgaacaagatggattgcacgcaggttctccggccgcttgggtggagaggctattcggct 

atgactgggcacaacagacaatcggtfgtfrtgatgccgrc^ 



ccttgctcctgccgagaaagtatccatcatggctgatgcaatgcggcggctgcatacgcttgatccggctacctgcccattcgacc 
accaagcgaaacatcgcatcgagcgagcacgtactcggatggaagccgg^cttgtcgatcaggatgatctggacgaagag 



ggacatagcgttggctacccgtgatattgctgaagagcttggcggcgaatgggctgaccgcttcctcg^gctttacg^ 
ctcccgattcgcagcgcatcgccttctatcgcct^ 

gtgtcgcccttattccctttWgcggcatmgccttcctgttmgctcacccagaaacgctggtg^ 
agttgggtgracgagtgggttacatcgaactggatctcaacagcgg^ 

tgatgagcacttttaaagttctgctatg^ggcgcggtattatcccgtattgacgccgggcaagagcaactcg^^ 
attctcagaatgacttggttgagtactc^ccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgrt^ 
ccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttt^ 
atgggggatcatgtaactcgccttgatcg^gggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatg 

cctgtagcaatggcaacaacgttgcgcaaactattaactggc 
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gaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctggagccggtgagcg 



actatggatgaacgaaatagacagatcgctgagataggt^^ 
tactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcc^ 

aetmcettccactgagcgtcaga^ 
aaacaaaaaaaccaccg 



ctctgctaatc^gttaccagtggctgctgc^ 

aggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacrt 



;ccacctctgacttgagcgt 



cgatttttgtgatgctcgtcaggggggcggagccta^^ 
cctmgctcawtgttcWcctgcgttatcccctgattct^ggataaccgtattaccgccm 



15 ggccgattcattaatgcagctggcacgac^ 

Sctcattaggcaccccaggcmacacmatgcttccggctcglatgttgtgtggaattgtgagcggataacaamc^^ 



(SEQIDNO:143) 

The plasmid PCP609 was digested with BamHVXmal to release the fragment 
containing the pAprE^ris-stop-pSpoVG-p/w/ construct and ligated into pBSFNASally 
digested wilh XmaVBcH to give the plasmid pCP649. Figure 17 provides a map of 
pCP649. The complete sequence of pCP649 is provided below. 



taeaactagtggatcccccgggctgcaggaattctccatmcttctgctatcaaaataacagactcgtgattttccaaacgagctttc 

aaliaaagcctctgccccttgcaaatcggatgcctgtctataaaattcccgatattggttaaac^^^ 

tgatgtcWcttggcgaatgttcatcttatttcttcctc^^ 

30 eaamgccgggactcaggagcaWaacctaaaaaagcatgacaWcagcataatgaacamactcatgtctatmcgttcttttct 
gtetgaaaatagttamcgagtctctacggaaatagcgagagatgatatacctaaatagagataaaatcatctcaaaa^ 

tactaaaatattattoc^^ 



attctgtgtttcggtgat _ - ,„„„„+ 

35 gctggaccggtgtgctggcccagcagctcggagcggacttcgaggtgatcgaggagggactgagcgcgcgcaccaccaacat 

cgacgaccccaccgatccgcggctcaacggcgcgagctacctgccgtcgtgcctcgcgacgcacctgccgctcgacctg^ga 
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cgcaggtgctcaccagcgcgggcggcgtcggcaccacgtacccggctcccaaggtgctggtggtctcgccgccaccgctggc 



gcccat w 

tcgcgtcgtt^tgaaggtgccgttcttcgacgcgggttcggtgatcagcaccgacggcgtcgacggaatccacttcaccgaggc 
caacaatcgcgatctcggggtggccctcgcggaacaggtgcggagcctgctgtaacggaatgcctctcacaaggatccaagcc 
gaattctgcagatatccatcacactggcggccgctcgagcatgcatctagagtcgatttttacaag^ 
ttctaaagtmatcagctacaaaagacagaaatgtattgcaatcttca^^ 

ctgaaatacttgatttcmgtttmctcagtatactmccatgttataacacataaaaacaacttagtmcacaaac^ 

aaagttgcttmccccmctatgtatgttttttactagtcatttaaaacgatacattaataggtacgaaaaag 

aaccagtcalaccaataacttaagggtaactagcctcgccggcaatagtiacccttattatcaagataagaaagaaaa^ 

ctacgctcaaatcctttaaaaaaacacaaaagaccacattttttaatgtggtctttattcttc^ 

cgaaaattggataaagtgggatattWaaaatatata^ 

cagacaagtaagcctcxtaaattcactttagataaaaatttaggaggcatatcaaatgaactttaataaaattgatttagacaattgga 

agagaaaagagatatttaatcattatttgaaccaacaaacgacttttagtataaccacagaaattgatattag^ 
taaaacaagaaggatataaattttaccctgcaWatmcttagtgacaagggtgataaactcaaatacagcttttagaactggttaca 

atagcgacggagagttaggttattgggataagttagagccact^^ 
ctcctgtaaagaatgacrtcaaagagttttatgama 
acctatacctgaaaatgc^ctcmctattattccatggacttcatttactg^ 
tacccattattacagcaggaaaattcattaataaagg^ 

atcatgcaggattgtttatgaartctattcaggaattgtcagataggcctaatgartggctttt^ 

tttttacagtcggttttctaatgtcactaacctgccccgttagttgaagaaggtttttatattac^gctccagatcca 

aaccgacttctcctttttcgcttcmattccaattgcmattgacgttgagcctcggaacccttaacaatcccaaaacttgtcg^ 

cggcttaatagctcacgctatgccgacattcgtctgcaagmagttaagggttcttctcaacgcacaataaattttctcggcataaatg 

cgtggtctaatttttatttttaataaccttgatagcaaaaaatgccattccaatacaaaaccac^ 

aattcctccattttcttctgctatcaaaataacagactcgtgatttrc 

tgcctgtctataaaattcccgatattggcttaaacagcggcgcaatggcggccgcatctgatgtcmgc^ 

mcttcctccctctcaataatttmcattctatccctmctgtaaagWattmcagaatactWatcatcatgctttgaaaaaatatcac 

gataatatccattgttctcacggaagcacacgcaggtcatttgaacgaattttttcgacaggaatttgccgggactcaggagcattta 

acctaaaaaagcatgacatttcagcataatgaacatttactcatgtctattttcgttcttttctgtatgaaaatagttatttcgagtctctac 

ggaaatagcgagagatgatatacctaaatagagataaaatc^tctcaaaaaaatgggtctactaaaatattatt^ 

aattcacagaatagtc^aagtaagtctactctgaattttmatcaagcttatcgataccgtcgacct^ 

ccagctmgttcccmagtgagggttaattgcgcgcttggc^^ 

aattccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattg^ 



gtaaaaaggccgcgttgctggcgttmccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagag^ 

gcgaaacccgacaggactataaagataccaggcgtttcccc^ 

ccggatacctgtccgccmctcccttcgggaagcgtggcgc^ 

cgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagt 
ggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgagg^tgtaggcggtgctacagagtt 
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cttgaagtggtggcctaactacggctacactagaaggacagtamggtatctgcgctctgctgaagc 

agttggtagctcttgatccggcaaacaaaccacc^^ 

aggatctcaagaagatcctttgatctttt^ 

ttatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatc^ 
5 gttaccaatgcttaatcagtgaggcacctatcte^^ 

ctacgatacgggagggcttaccatctggccccag^ 
aataaaccagccagccggaagggccgagcgcagaagtggtcrt^ 
gaagctagag^gtagttcgccagttaatagtttgcgc^^ 
gtatggcttcattcagctccggttcccaacgate^ 
1 0 gtcctccgatcgttgtcagaagtaagtt^ 

ccgtaagatgctmctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatg^ 

gtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcatt 

ggatcttaccgctgttgagatccagtt^ 

ggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggc^ 
1 5 tcaatattattgaagcatttatcagggttattgtct^^ 

cgcacatttccccgaaaagtgccacctaaattgtaagcgtt^ 

accaataggccgaaatcggcaaaatcccttataaatcaaaagaato^ 

agtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgat^ 

ccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatc^ 
20 gaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgc^ 

cacgctgcgcgtaac«accacacccgccgcgcttaatgcgccgctacagggcgc^ 

ttgggaagggcgatcggtgcgggcctcttcgctattacgccagctggcgaaagggggatgtgc^ 

aacgccagggtmcccagtcacgacgttgta^ 

gctccaccgcggtggcggccgctc (SEQ ID NO: 144) 

25 

All constructs were confirmed by sequence analysis. PCR reactions were done 
using Hercules polymerase (Roche) as per the manufacturer's directions. 

pCP649 was transformed into B. subtilis comKpnbA and integrants selected on L 
30 agar containing chloramphenicol (5^ig/ml). The activity of the expressed perhydrolase 
was determined by the pNB activity assay as described herein. The results indicated that 
the perhydrolase was expressed and active 



35 EXAMPLE 7 

Expression of the Perhydrolase in Streptomyces. 
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In this Example, experiments conducted to assess the expression of the 
perhydrolase in Streptomyces are described. To test expression of the perhydrolase in 
Streptomyces, a replicating plasmid was constructed with Hhcphd gene being expressed 
from either the glucose isomerase (GIT) or the A4 promoter (See e.g., 
5 TTS/PC T / filed November 18, 2004, herein incorporated by reference). 

However, it is not intended that the present invention be limited to these specific 
promoters, as any suitable promoter will find use with the present invention. Also, 
although the strain used for perhydrolase expression in this Example was Streptomyces 
lividans TK-23, it is contemplated that any Streptomyces will find use in the present 
10 invention. 

The Streptomyces strains were transformed and manipulated using methods 
known in the art (Seecg., Kieseref al. Pmrtiml Streptomyces ffrnrtir.s Johnlnnes 
[2000]). 

1 J Construction of pSECGT-MS AT and pSEC A4-MS AT 

Using standard methods known in the art, fhephd coding sequence (See, Example 
4) was cloned into pSECGT to place the gene under control of the GI promoter. 
Similarly, the gene was cloned in the same plasmid with the A4 promoter using methods 

20 known in the art (See e.g., US/PCT / , filed November 18, 2004, herein 

incorporated by reference). Transformants were first selected in E. coli, verified by 
sequence analysis, and then transformed into S. lividans TK-23 using methods known in 
the art (See e.g., Kieser et al., [2000], supra). The correct clones expressed from the GI 
promoter and the A4 promoter were designated "pSECGT-MSAT" and «pSECA4-phd." 

25 The sequence of pSECGT-MS AT is provided below, while Figure 18 provides a map of 
the plasmid. 

ctagagtcgaccacgcaggccgccaggtagtcgacgttgatctcgcagccgagcccggccggaccggcggcgctgagcgcg 
aggl^acggcgggacggccggcaccggtacgcggtggcgggtcgagttcggtgagcagcccaccggcgatca 
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acgagcgcggagacggtggcccgggtgagcccggtgacggc^ 



ccgtcacgccc^gacaatgcwcatcctgagcaaataattcaaccactaaacaaatc^ 
caagcgaattctgtgtttcggtgattc^ 

5 cgacgtgcgctggaccggtgtgctggcccag^ 

caccaacatcgacgaccccaccgatccgcggctcaacggcgcgagrtacctgccgtcgtgc^ 
acctggtgatcatcatgctgggcaccaacgacaccaaggcctacttccggcgcac 
tgrtcgtcacgcaggtgctcaccagcgcgggcggcgtcggcaccacgtacccggcacoc^ 
ccgctggcgcccatgccgcacccctgg^ 

10 cagcgcgctcgcgtcgttcatgaaggtgccgttcttcgacgcggg^cgg^gatcagca 

accgaggccaacaatcgcgatc^cggggtggccctcgcggaacaggtgcggagcctgrt 
ggctgaccggagcggggaggaggacgggcggccggcggaaaagtc^ 
gtggcagtatcagcgccatgtccggcatatcccagccctccgcatgccccgaattcggc^ 
tgaaattgttatccgctcacaattcca^ 

1 5 actcacattaattgcgttgcgcrtcactgc^ 



gtatcagrtcactcaaaggcggtaatacggttatccacagaatcaggggataacgca^ 

gcaaaaggccaggaaccgtoaaaaggccgcgttgct^ 

acgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgmccc^ 



tcagttcggtgtaggtcgttcgctcc^ 

tatcgtcttgagtccaacccgg^aagacacgacttatcgccactggcagcagccactggt 



20 



cagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctgg^ 
25 agattacgcgcagaaaaaaaggatctcaagaagatccmg 

aagggatmggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatga^ 

tgagtaaacttggtctgacagttacx^tgrt^ 

artccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgc^ 
ccggctccagamatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcct^ 

30 agtctattaattgftgccgggaagctagagta^^ 

gtgtcacgctcgtcgmggtatggcttcattcagctccggttcccaacgatcaaggcgagttac^^ 

aagcggttagctccttcggtcctccgatc^ 

ttctcttactgtcatgccatccgtaagatgctmctgtgactggtgagtactcaacc^ 
gagttgctcttgcccggcgtcaatacggga 
35 ggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaact^^ 

acmcaccagcgmctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacgga^ 
aatactcatactcttccttmcaatattattgaagcamatcagggttattgtctcatgag 
aaacaaataggggttccgcgcacatttccxcgaaaagtgccacctgacgtctaagaaaccattattatca^ 
aataggcgtatcacgaggcccmcgtctcgcgc^ 

40 
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gcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaa 
taccgcatcaggcgccattcgccattcaggctgcgc^ 

tggcgaaagggggatgtgctgcaaggcgattaagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacggcca 



ccaccctmcgctgccgaacagcaaggccagccgatccggattgtccccgagttccttcacggaaatgtcgccatccgccttgag 
cgtcatcagctgcataccgctgtcccgaatgaaggcgatggcctcctcgcgaccggagagaacgacgggaaggga 

IP 



gcgagcgacgtgcgtactatcgcgccgatgttcccgacgatcttcaccccg^cgagaacgacgacgtcw^ 
gatatcgccgaacctggccgggcgagggacgcgggcgatgccgaatgtcttggccttccgctcccccttgaacaactggttgac 

gatcgaggagtcgatgaggcggaccggtatgttetgc^ 



ate 



caccaacgcaaggggaagtcgtcgctrtctggcaaagctccccgctcttccccgtccgg 
tgaagtattcgccttgatcagtcccggtggacgcgccagcggcccgccggagcgacggactcc 



Ct 1 ^ 

gcl:atggccgccgccgacggcctggtcgccgccgccgcccgccggttcggcgcctgacccgaccaaw 

cggcacttcgtgctggcgccccgcccccacccaccaggagaccgaccatgaccgacttcgacggacgcctgaccgaggggac 

cgtgaacctggtccaggaccccaacggcggtggctggtccgcccactgcgctgagcccggttgcgactgggccgacttcgccg 

gaccgctcggcttccagggcctcgtggccatcgctcgccgacacacgcartgaccgcacgtcaaagccccgccggate^ 

gcggggctctcttcggccctccaagtcacaccagccccaaggggcgtcgggagtggcggagggw 



ccag_ 

gggcgagacaggaacgttgctcgtgcccagagtacggagcg 
ccactgcgggaccgcaattgcccacacaccgggca^^ 

ceegcgatcgcgcgtgtgacgcgagatgccgcccgaggcaaaagcgaacaccttgggaaagaaacaacagagtttcccgcac 
ccctccc 



cgtgcaagggctgcggccgcgccctgatggaccctgcctc^^ 

cctgggcctgatgcggtgcgggcggatctggctctgcc^ 

accgccgccgtggtcgagtggatcaagcgcggggggarc^ 



ggatcgggtacgtcggcatgatccgcgcgaccgaagt^ 



cgacgagtggcaggggcactggcggtccgtgtggaccgccgccctg^^^ 
gcacggcgtcgacttcaagcggctggagaccgagcgcgacg^^ 
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tgaccgaggacggatggcacgcggtcacccgccgcgccctcgacctcgaggcgacccgggccgcxgaaggcaaggacggc 



cgccgacggcgcgaagrtctgcgcctggtgcggctcggagatcaagcaatcc 
ccgctcctgccgccagcgggcgtacgaggcccggcgccagcgcgaggcgatcgt^^ 
ccgagatacgtcacgtgacgaaatgcagcagccttccattccgtcacgtgacgaaactcgggccgca 
gcccgctccggccctgccggacccccggctgcagctcgcccggccgccggtccccctgccgtccggcccgtcccagaggca 



gtgggtgccgaagtgatcacggggaggactgatgcaccaccaggaccgggaccaggaccaggcgttagcggcagtgctggc 
cgc^gctcxtggtcggcgggacgctgatcgtgcgggagctcrtgggcctgtggcccgccgtggcggtcggcatggcgcx^ 
gccctcgccctctacggaggcccgcccgcggcccgcxggatagccgtcgcggtcgaggtwgccggtt 



gctccgggaggctgacaggcgctcagacggccgcgtagggccgcgagtcccccacccc^^ 
acaacggcgatgcccgcagtcggcggagcaggcgccacgtaaaccgcccaccgatgccgcccccgtcgtgtgcgcgggccg 



gccgccttgatgacgtagggaaagttgtaccgcaaaaaacgcagcctgaactagttgcgatcct (SEQ ID NO: 145) 
Figure 19 provides a map of pSEGT-phdA4, while the sequence is provided 

below: 

ctagagatcgaacttcatgttcgagttcttgttcacgtagaagccggagatgtgagaggtgatctggaactgctcacc^ 



ac 



gaattctgtgtttcggtgattccctgacctggggctgggtccccgtcgaagacggggcacccaccgagcggttcgccwcgacgt 

gcgctggaccggtgtgctggcccagcagctcggagcggacttcgaggtgatcgaggagggactgagcgcgcgcaccaccaa 

catcgacgacrocaccgatccgcggctcaacggcgcgagctacctgccgtcgtgcctcgcgacgcacxAgccgctcgacctgg 

tgatcatcatgctgggcaccaacgacaccaaggcctacttccggcgcaccccgctcgacatcgcgctgggcatgtcg^ 

cacgcaggtgctcaccagcgcgggcggcgtcggcaccacgtacccggcacccaaggtgctggtggtctcgccgccaccgctg 

gcgcccatgccgcacccctggttccagttgatcttcgagggcggcgagcagaagaccactgagctcgcccgcgtgtacagcgc 
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ctgaccggagcggggaggaggacgggcggccggcggaaaagtccgccggtccgctgaa^ 
gcagtatcaigccatgtccggcatatcccagccctccgcatgccccgaattcggcgtaatcatggtcata 

ittgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaa^ 



ggagaggc] 



aaaggccaggaaccgtaaaaaggccgcgttgctggcgttmccataggctccgcccccctgacgagcatcacaaaaa 

ctcalgtcagaggtgg^^ 
^gaccctgccfctoccggatacctgtccgcc^ 



cetatteagtccaacccg^ 

gicggtg^cagagttcttgaagtggtggcctaactacggctaca<^gaagga^ 

g^^gSgaaaaaaaggatctcaagaagatccmgatet^ 
aggga^catgagattatcaaaaaggatcttcacctagatccttttaaattaaa^ 



Lcccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaa^^^ 
g^ttaattgttgccgggaagctagagtaagtagttcgccag^tagmgcgcaacgtt^ 

agcgiagSccttcggtcctccgatcgttgtcagaagtaagtt^^ 

ctc^ctgteatg^^ 
agttg<^gcccggcgtcaatacg^ 

gggcgaaaactct^ggatcttaccgctgttgagatccagttcgatgtaac^^ 
cmcaccagcgmctgg^gagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataaggg 

aacaaataggggttccgcgcacaWccccgaaaagtgccacctgacgtctaagaaaccatta 

caScWgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgtt^ 

cttaaLtgcggcatcagagcagatt^^ 

a^catclggc^^^ 

ggcgaaagSggatgtgctgcaaggcgattaagttgggtaacgccagg^^ 

ccaccccggc^ccrtgrtggaccacacccggcactacacctt^^^ 

gagcgt«Sa£aacacaggcgcttatcggttggccgcgagattcctgtcgatcct^^^ 

gaLcgttgagtgactcggtctggctcatcatggggatggaaaccg^^ 



caccct 
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atatcgccgaacctggccgggcgagggacgcgggcga^ 

atcgaggagtcgatgaggcggaccggtatgttrtgccgcccgcacagatccagcaactcagatggaaaaggactg^ 

ccgtagacctcgatgaartccaccccggccgcgatgctgtgcatgaggggctcgacgtcctcgatcaac^ 

cgcgacggc^ggtgacatcgatgatccgctgcaccgcgggatcggacggatttgcgatggtgtccaac^ 

tarcggctgctgtgttcagtgacgcgattcctggg^ 
ccaacgcaaggggaagtcgtcgc*ctctgg^ 

aagtattcgccttgatcagtcccggtggacgcg(xagcggcccgccggagcgacggactccccgacctcgatcgtgtcgccct 



ccgctcggcttccagggcctcgtggccatcgrtcgccgacacacgcactgaccgcacgtcaaagcc^ 



ggggctctcttcgj., „ _ «. 

aggartcccaccagaccaaagagcaacgggccggacttcgcacxtccgacccgtccgctcccagactcgcgccccttagccgg 

gcgagacaggaacgttgctcgtgcccagagtacggagcgatgccgaggcattgccagatcggcccgccgggc^ 



gcgatcgcgcgtgtgacgcgagatgccgcccgaggcaaaagcgaacaccttgggaaagaaaca^ 
tccgacctgcggtttctccggacggggtggatggggagagcccgagaggcgacagcctctgggaagtaggaagcacgtcgcg 

gaccgaggrtgcccgactgcggaaagccgcccggtacagccgccgccggacgctgtggcggatcagcggggacg 

gcaagggctgcggccgcgccctgatggaccctgcctccggcgtgatcgtcgcccagacggcggccggw 

gggcrtgatgcggtgcgggcggatctggctctgcccgg^^^ 



atcacgggcggcacgigggcc^a^g^^^g,3^ , --ti<i&6" , --e6& v ^* v ' w 6&&~~e> — <= — d-&-o&-> ~ - _JJ a 
tcgggtacgtcggcatgatccgcgcgaccgaagtcaccgtggggcagatcaacggctggcacccgc^ 



gcgcccgccctcgaactcgcccgcgccgacctcaagacggcgaccggcgggaacgtcgccccgttcgaactcctcggacgg 

atcggggacctgaccggcggcatgaccgaggacgacgccgcc^^ 
gagtacgagcgggcaacccggggacgccgggccatcg^^ 



gcegffigaggtggccgaggcgtacg<xgacatgctcgccgccctcgcccagcgccgcgagga^^ 



cgaciicggccgg^cgaagccgcgggagtaatcctgggattactcgcccggggtcggccccg^ 
ggtacctcgcgcccgactcgcctcgctacgagacgtgccgcgtacggtcgtcggccatgagcaccaccaccccc^^ 

cgacggcgcgaagctctgcgcctggtgcggtfcggagatcaa^ 
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ctectgccgccagcgggcgtacgaggcccggcgcra^^ 
agatacgtcacgtgacgaaatgcagcagccttrcau^^ 

cgcrtccggccctgccggacccccggctgcagctcgcccggccgccggtccccctgccgtccggcccgtcccagaggcagcgt 
cggcggctcctgcrtcccccgcccggcgccgaccgggacccgcaaaccccttgatccgctgtcgggggtgatcactacggtgg 
gtgccgaagtgatcacggggaggactgatgcaccaccaggaccgggaccaggaccaggcgttagcggcagtgctggccgca 
ctgctcctggtcggcgggacgctgatcgtgcgggagctcctgggcctgtggcccgccgtggcggtcggcatggcgcccgccct 



cai 



gCggCCgggCCggagCgggg^gattga^tt^ag^gL^B£,^55&^e t £,&&~-'e>t>c> — o-o-oo o — 

ccttgatgacgtagggaaagttgtaccgcaaaaaacgcagcctgaactagttgcgatcct (SEQ ID NO: 146) 

Two colonies of S. Uvidans TK-23 pSECA4-phd were inoculated in 10 ml of TS 
medium + 50 ppm thiostrepton and incubated at 37°C with shaking at 200 rpm for 2 days. 
Three mis of broth were used to inoculate 50 ml of Streptomyces Production medium 1 
and the culture was incubated for 4 days at 37°C with shaking at 200 rpm. 

A sample was taken to assay perhydrolase activity measurement as follows: 10 uls 
of 20 mg/ml lysozyme were added to 200 ul of sample. After 1 hour of incubation at 
37°C, samples were centrifuged and activity was measured using the pNB activity assay 
described herein. SDS-PAGE and Western blots were also prepared using both clones 
(pSECA4-phd and pSECGT-MS AT), as known in the art. Briefly, after SDS-PAGE, the 
proteins were transferred to PVDF membrane and Western blot analysis was conducted. 
The perhydrolase was detected using an anti-perhydrolase polyclonal anti-sera (1:500 
dilution) prepared against purified perhydrolase protein by Covance. The blot was 
developed using the ECL kit from Amersham. The results indicated that Streptomyces 
Uvidans strains were capable of expressing active perhydrolase. 
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EXAMPLE 8 

Site-Scanning Mutagenesis of the At. smegmatis Perhydrolase Gene 

In this Example, experiments involving site-scanning mutagenesis of the M. 

5 smegmatis perhydrolase gene are described. In these experiments, the QuikChange® site- 
directed mutagenesis (QC; Stratagene) kit or the QuikChange® Multi Site-Directed 
mutagenesis (QCMS; Stratagene) kit was used to create site-saturation libraries at each 
codon in Ihe entire At. smegmatis perhydrolase gene contained in the pMSAT-Ncol 
plasmid. Each perhydrolase codon was mutagenized by replacement with the NNG/C 

10 (NNS; 32 combinations) degenerate codon, which encodes for all 20 amino acids and one 
stop codon. In the case of the QC method, complementary overlapping primers were 
designed for each codon of interest with 18 bases flanking the NNS codon {See, Tables 8- 
1 and 8-2). A comparison of cartridge purified versus unpurified primers (desalted only) 
revealed a better representation of amino acids in the libraries made with purified primers 

15 (15-19 amino acids versus 1 1-16 with unpurified primers). Thus, a majority of the 

libraries were created with the QC method and purified primers. A small number of the 
libraries were made using Ihe QCMS method and a single 5' phosphorylated forward 
primer containing 18 bases flanking both sides of the NNS codon (See, Table 8-1), 
however this method resulted in a greater wild type background and fewer amino acid 

20 substitutions per site compared to the QC methods. Libraries "nsa301" and "nsa302" 
were made using the QCMS method, but a trinucleotide mix made up of a single codon 
for each of the 20 amino acids (i.e., rather than 32 possibilities encoded by NNS for the 
20 amino acids) was incorporated within the primers at the sites of interest. 
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hie 8-1. Site-Saturation i?nrwsirri Primers 


Residue 


Primer 


Primer Sequence „ 


Ml 


Tisa202F 


f ppflogaattaaccnnsgccaagcgaattctgtgt (SEQ ID NO: 147) 




nsa203F 


^ggaggaattaaccatgnnsaagcgaattotptptttc (SFX) ID NO: 148) 
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1 1 


nsa204F 


gaggaattaaccatggccimscgaattctglfitttcggt (SbP ID JNU.i^vj 


— 

R4 


nsa205F 


Uattaaccatggcy-aagnnsattctrtgtttcggtgat (SEP ID NO.150) 


15 


nsa206F 


baaccatggccafl^r^annsctgtgtttcggtgattcc (SEP ID NU.Dl) 


L6 


nsa207F 


bccatggccaagcgaattnpstgtttcggtgattccctg (bKO m inu.idz) 


C7 


Lsa208F 


U^aaao.aaflttctgnnsttCggtgattCCCtgaCC (SBQ IDNO,153) 


F8 


|nsa209F - 


-Isccaagcgaatt^p^ns^gattccctBacctgg (SEPIDNe:154) 


G9 „ 


tisa210F 


Uocgaattctgtgtttcnmgattc^tgar.ctgggpr. fSRO TP NO.155) 


D10 


Lal68F 


kgaattctgtgtttcggtnnstccctpacctggggctgg (SEP ID NO. 156) 


Sll 


Ua212F 


Uttctgtfitttcggtgatansctpacctggggctgggtc (SEP ID NU. 13 / ) 


L12 


Lal69F 


ktgtgtttcggtgflttccnnsacctggggctgggtcccc (SEQ ID NO. 138) 


m 


Lal70F 


kcTm^aotornn^tCTnstggggctgggtcc^gtc fSEP ID JNU.OVI 


W14 


|nsal71F 


fctcgetgattccctgaccnnsggctgggtccccetcgaa (SEO ID NO. 160) 


G15 


|nsa216F 


ggtgattccctga^toonnstgggtccccgtcgaagac (SEO ID NO.161) 


W16 


|nsal72F 


gattccctgac^pppp^tifsgtncccgtcgaagacfrpg TSEP IDNO:162l^_ 


V17 


|nsa218F 


L^^^^^^nr»^r>rTn« g ^otr.gflflgacggggca (SEP ID NP: 1 63) 


P18 




jctgacctgggp^tppptCTtisgtcgaagacggggcaccc (SEP ID NP:164) 


V19 


[nsa219F 
|nsa220F 


lacctggggctgggtccccnnsgaagacgpggcacccacc (SEP ID NP: 165) 


E20 


|nsa221F 


jtggggctgggtccccgtcnnsgacggggcacccaccgafi (SEQ ID NP: 166) . 


D21 


La222F 


U^tagotccccgtcgaaimsggggcaccrarcgapcpp (SEQ IDNP:167) 


G22 ... 


|nsa223F 


^pggtccccgtcgaagacnnsgcacccaccpapcpgttc (SEQ ID NP:168) 


A23 


La224F 


gtccccgtcg** pap.gpgnnscccaccgagcggttcgcc (SEQ ID NP: 1 69) 






L^^^.roooa^CToogrflnnsap^gagcggttcgccccc (SEP ID NP: 170) 


lns»1Q2F Up.oaagacgggecacccnnsgagcggttcgcccccgac (SEP ID NO:171) . 


E26 


lnsa227F 


gaagacggggcacccacCTnscggttcgcccccgacgtg (SEP TDNP:172) 


R27 


La228F 


gacggggcacccaccgagnnsttcgcccccgacertgcgc (SEP ID NP: 173) 


F28 


|nsa229F 


ggggcacccaccgagcggnnsgcccccgacgtgcgctgg (SEP ID NP: 174) 


A29 


La230F 


Ucacccaccgagcggttcnnscccgacgtgcgctggacc (SEQ TD NP:17S) 


P30 


|nsa231F 


Icccaccgagcggttcgccnnsgacgtgcgctggaccggt (SEQ TD NP:176) 


D31 


|nsa232F 


laccgagcggttcgcccccnnsgtgcgctggaccggtgtp (SEP ID NP:177) — 


V32 


|nsa233F 


gagcggttcgcccccgacnnscgctggaccggtgtgctg (SEP ID NP: 178) — 


R33 


La234F 


jcggttcgcccccgacgtgnnstggaccggtgtgctggcc (SEQ ID NP: 1 79) — 


W34 


|nsa235F 


fttcgcccccgacgtgcgcnnsaccggtgtgctggcccas (SEQ ID NP: 180) — 


T35 


lnsa236F 


Jgcccccgacgtgcgctggnnsggtgtgctggcccagcag (SEQ IDNP:181) 
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G36 


asa237F 


cccgacgtgceetggaccnnsgtgctg^cccagcagctc CSEO ID NO: 182") 


V37 


asa238F . 


gacgtgcectggaccggtnnsctggcccagcagctcgga CSEO IDNO:183^ 


L38 


asa239F 


EtececteeaccesteteimsecccaecaectceBaecff CSEO ID NO: 1841 


A39 


nsa240F 


cgctggaccggtgtgctgnnscagcagctcggagcggac fSEO IDNO:185) 


O40 


QSa241F 


tggaccggtgtgctggccnnscagctoggagcggacttc fSEO IDNO:186> 


041 


nsa242F 


accggtgtgctgg^pnnsntcggagcggacttcgag fSEO IDNO:187) 


L42 


osa243F 


ggtgtgctggcccagcagnnsggaecggacttcgaggtg fSEO ID NO: 188") 


G43 


nsa244F 


gtcctgecccagcagctcnnsgcggacttcgaggtgatc CSEO ID NO: 1 89") 


A44 


nsa245F 


ctegcccagcagctcfigannsgacttcgaggtgatcgae fSEO IDNO:190> 


D45 


nsa246F 


gcccagcagctcggap^pnnsttcgaggtgatcgaggag (SEP ID NO: 191 1 


F46 


nsa247F 


cagcagctcggagcggacmisgaggtgatcgaggaegga CSEO ID NO:1921 


E47 


nsa248F 


cagctcffgagcggacttcnnsgtgatcgaggaBggactg TSEO IDNQ:193^_ 


V48 


nsa249F 


etcggaecggacttcgagnnsatcgaggagggactgagc (SEP ID NO:194> 


149 


nsa250F 


ggagcggacttcgaggtgnnsgaggagggactgagcece fSEOIDNO:195) 


E50 


nsa251F 


gcseacttcgaggtgatcnnsgagggactgagcgcgcec fSEO K>NO:196> 


E51 


nsa252F 


gacttcgaggtpatogflgimsggactgagcgcgcgcacc CSEO ID NO:19D 


G52 


nsa253F 


ttcgaggtgatcgaggagnnsctgagcgcgcBcaccacc fSEO IDNO:198) 


L53 


nsal93F 


gaggtgatceaggagggannsagcgcgcgcaccaccaac fSEO ID NO:199"> 


S54 


nsa!73F 


gtgatcgaggagggactgnnsgcgcgcaccaccaacatc ( SEP ID NO:2Q0'> 


A55 


nsal74F 


atcgaggagggactgagamscgcaccaccaacatcgacJgEO ID N0:201) 


R56 


tisa257F 


gaggagggactgagcgcgnnsaccaccaacatcgacgac ("SEP ID NO:202") 


T57 


nsa258F 


gaecgactgagcgcgcgcnnsaccaacatcgacgacccc CSEO ID NO:2031 


T58 


nsa259F 


ggacteagcgcBCgcaccnnsaacatcgacgaccccacc CSEO ID NO:2041 


N59 


nsa260F 


cteagcgcgcgcaccaccnnsatcgacgaccccaccgat CSEO ID NO:205") 


160 


nsa261F 


aececffcffcaccaccaacnnseaceaccccacceatcce (SEO ID NO:206> 


D61 


nsa262F 


ecececaccaccaacatcnnseaccccacceatccecee CSEO ID NO:207"> 


D62 


nsa263F 


cffcaccaccaacatceacnnscccacceatcccceectc CSEO IDNO:2Q8Y 


P63 


nsa264F 


accaccaacatceaceacnnsacccatcceceectcaac ( SEO ID NO:209) 


T64 


nsal94F 


accaacatceaccaccccnnseatccerceectcaaccec ( SEO ID NO:2101 


D65 


nsal95F 


aacatcgaceaccccaccnnsccecsectcaaceccece CSEO ID NO:21 H 


P66 


nsa267F 


atceaceaccccacceatnnscegctcaaceeccceaec fSEO ID NO:212^ 


R67 


nsal96F 


saceaccccacceatccennsctcaaceececeacctac CSEO ID NO:213> 


L68 


Qsa269F 


ffaccccacceatcceceennsaacsecsceaectaccte CSEO ID NO:214^ 
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N69 


!sa270F c 


ccaccgatcc^ggctcnnsggcgceagctacctgccg (SEQ ID NO:215) 1 


G70 


isa271F a 


iccgatccgcgg^caacnnsgcgagctacctgccgtcg (SEQ IDNO:216) — 1 


A71 t 


isa272F £ 


ratrf>pr.gpr.tcaacggcnnsagctacctgccgtcgtgc (SEQ ID NO:217) — J 


S72 r 


isa273F c 


l£SSSS^^SSSS^SBS^i^SSSB^SSil^& (SEQ ro NO:218) — 1 


Y73 t 


isa274F C 




L74 


isa275F 


^caacggcgcgag^acnnsccgtcgtgcctcgcgacg (SEQ ID NO:220) 


P75 


isa276F 


ao rr p^aaactacctgrmstcgtgcctc^cgacpcac (SEQIDNO:221) 


S76 


raa277F. 


?gcgcgagctac^a^cmnstg(^tcgcgacgc^cctg (SEQ ID NO:222) 


C77 


nsa278F 


gcgagctacctgccgtcgnnsctcpcgacgcacctgccg (SEO ID NO:223) — 


1.78 


nsa279F 


agctacctgccgtcgtgcnnsgcgacgcacctgccgctc (SEQ TP NO:224^ 


A79 


nsa280F 


tacctgocgtcptgnrtfynnsacgcacctgccgctcgac (SEQ ID NO:225) 1 


T80 


nsa281F 


ctgccgtcgtg™*^^ (SEO ID NO:226) 1 


H81 


nsa282F 


pcgtcgtgcctc^<^^<mnsctgccgctcgacctg^ (SEO ID NO:227) — j 


L82 
P83 


nsa283F 
nsa284F 


fcot^ctcgcgacgcacnnsccgctcgacctggtgatc (SEQ ID NO:228) 1 

t^cgcgacgc^^tcmn^tegacctggtgatcatc (SEO ID NO:229) 


L84 


nsa285F 


^^ponpna^tg^OTiTisgacctggtgatcatcatF (SEQ ID NO:23Q) 1 


D85 


nsa286F 


gcgacgcacctgccgctcnnsctggtgatcatcatgctg (SEO ID NO:23 _lj J 


L86 


nsa287F 


acgcaectgccgctcgacnnsgtgatcatcatgctgggc (SEO ID NO:232) 


V87 


nsa288F 


^a^tprncgctcgacctgnnsatcatcatgctgggcacc (SEQ ID NO:233) 


188 


nsa289F 


nt^^tcgacctggtgnnsatcatgctggpcaccaac (SEQ IDNO:234) J 


189 


nsa290F 


^gctogacctggtgatcnnsatgctgggcaccaacgac (SEO TD NO:235) 


M90 


nsa291F 


^gacctggtgatoatGnnsctgggcaccaacgacacc (SEQ ID NO:236) — 


L91 


nsa292F 


gacctggtgatcatcatgnnsggcaccaacgacaccaag, (SEO ID NO:237) — 1 


G92 


nsa293F 


ctggtgatcatcatgctgnnsaccaacgacaccaaggcc (SEO ID NO:238) 1 


T93 


nsa294F 


gtgatcatcatgctgggcnngflacgacaccaaggcctac (SEO ID NO:239) 


N94 


nsa!75F 


atcatcatgctgggcaccnnsgacaccaaggcctacttc (SEQ ID NO:240) 


D95 


nsa!97F 


atcatgctgggcaccaacnnsaccaaggcctacttccgg (SEO ID NO:241) 1 


T96 


nsa297F 


Q f frr.fcraarartraflr.gacnnsaaggCCtacttCCggCgC (SEO ID NQ.242) — 


K97 


nsal76F 


nt^gap a ^a a r.gacaccnnsgcctacttccggcgcacc (SEQ ID NO:243) 


A98 


nsa299F 


ggcaccaacgacaccaagnnstacttccggcgcaccccg (SEO ID NO:244) I 


Y99 


,nsa!77F 


accaacgacaccaaggccnnsttccggcgcaccccgctc (SEO ID NO:245) — 1 


F100 


nsa301F 


aacgacaccaaggcctacXXXcggcgcaccccgctcgac (SEQ ID 1 
NTO:246) 


btioi 


nsa302F 


pacaccaaggcctacttcXXXcgcaccccgctcgacatc (SEO ID NO:247) 1 
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kl02 It 


isa303F k 


LCcaaggcctactt««.«mTisaccccgctccacatcecg (SEP IP NO;248) — J 


nrr* It 


isa304F la 


laoprfitafttccggcgcnnsccgctcgacatcgcgctg fSEO ID NO:249~) — | 


pi 04 lnsa305F If^^ar^ppparpfiari^nnsctcgacatcgcgctgggc (SEP ID NO:2SQ) 1 


L105 |i 


isa306F It 


acttccggcgcaccccgnnseacatcgcgctcgecatg (SEO ID JJPj25_D — J 


D106 ji 


isa307F ft 


tccggcgcaccccgctcnnsatcgcgctgggcatgtcg (SPO ID NO:252) 1 


H07 | 


nsa308F l( 


^ffcecacccc^fwimins^cpctffffffcatfitcffetff ( SEP IDNP:253) 1 


A.108 I 


nsa 309F I 


sffcaccccectcffacatcnnsctBffffcatetcectectc (SEO ID NP:254) 1 


r 1 no 


nan^lftF L 


iccccffctceacatcecennscpcatfitcfffftectcetc ( SEO lDNO:255) 1 


nil ft lnsa311F I 


ccgctcgacatcgcgctgnnsatgtcggtgctcgtcacg (SEP ID NO;256) 1 


Mill 1 


nsa312F 1 


^tcgacatcgcg^tfTgprnnRtoggtgctcgtcacgcag (SEP ID NQ:257) 1 


S112 ! 


nsa313F 1 


gacatcgcgctgggcatgnnsetgctcgtcacgcaggtg (SEQ ID NO:258) — | 


V113 


hsa314F 1 


rtrprpnipppcatatc.fm (SEP ID NP:25<Q 1 


LI 14 


La315F 


P^ar^ppg^atgtcggtgiinsgtcacgcaggtgctcacc (SEQ ID NP:260) — 


VI 15 


|nsa316F ! 


ctgggcatgtcgp+p^^insa^caggtgctcaccaec (SEO ID NO;261) — 1 


T116 


|nsa317F 


ao^tgtcggtgctcgtcimscaggtgctcaccagcgcg (SEQ ID NP:262) — | 


0117 


La318F 


Ltgtcggtgctcgtcacgnnsetgctcaccagcgcgggc (SEP ID NO:2$3) — 1 


V118 


|nsa319F 


lcggtgctcgt^^p^P""sctcaccagcgcgggcggc (SEP ID NP:264> — I 


r 1 1Q 


hsa^OF 


Ugctcgtcacp^pptptiTifsaccagcgcgggcggcgtc iSEO ID NP:265) .1 


Tim Incn^lF 


Ltcgtcacgcaggtgctcnnsagcgcgggcggcgtcggc (SEP ID NP:266) ,1 


S121 


|nsa322F 


jgtcacgcaggtgctcaccpnspcgggcggcgtcggcacc (SEQ TP NP:267) | 


A122 


|nsa323F 


Lpcaggtgctcaccagcnnsggcggcgtcggraccacg (SEQ IP NP:268) I 


m 


fcisa324F 


Icaggigctcfj^agcgcgnnsggcgtcggcaccacgtac (SEQ ID NP:269) J 




jptgctcaccagcgcgggcnnsgtcggcaccacgtacccg (SEP ID NP:270) 1 


VI 25 


Ual98F 


lctcaccagcgcgggcggcnnsggcaccacgtacccgp;ca (SEP ID NP:271) 1 


G126 


|nsa327F 


teccagcgcgggcggcetcnnsaccacgtacccggcaccc (SEP IDNP:272) 


T127 


lnsa328F 


lagcgcgggcggcgtcggcnnsacgtacccggcacccaag (SEP ID NP:273) 1 


T128 


|nsa329F 


Ucgggcggcgtcggcaccnnstacccggcacccaagetg (SEP ID NP:274) 1 


Y129 


|nsa330F 


|ggc g gcgtcggcaccacgnnsccggcacccaaggtgctg (SEQ ID NP:275) 


P130 


|nsa331F 


|ggcgtcggcaccacgtacnnsgcacccaaggtgctggtg (SEQ ID NP:276) 1 


A131 


La332F 


Igtcggcaccacgtacccgnnscccaaggtpctggtggtc (SEP ID NP:27T) — 1 


P132 


La333F 


Iggcaccacgtacccggcannsaaggtgctggtggtctcg (SEP ID NP:278) — J 


K133 


lnsa334F 


laccacgtacccggcacccnnsgtgctggtggtctcgccg (SEQ ID NP:279) — 


V134 


lnsa335F 


Iflcgtacccggcarccaagi^ (SEP ID NP:280) — | 
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1 

035 


isa336F 


kacccggcacccaaggtgnnsgtggtctcgccgccaccg (SEP AD NO:281) — 


V136 


isa337F 


Lcggca<xcaap[ptp;r.tpnnsgtctcgccgccaccgctg ( SEP ID NP:282) — I 


V137 r 


isa338F 


gcacccaaep+^tfrptpnnstcgccgccaccgctggcg ( SEO ID NO:283) — I 


S138 r 


tsa339F 


Icccaaggtgctggtggtcnnsccgccaccgctgpcgccc (SEP ID NO:284) J 


P139 i 


isa340F 


baggtgctggtggtctcgnmccaccgctppcpcccatg (SEQ ID NQ:Zs5) — 


PI 40 


isa341F 


jgtgctggtggt^pnr.miTiRccgctggcgcccatgcce (SEQIDNP:286) — 1 


P141 


isa342F 


Lpptppt^^ 1 


L142 


isa343F 


Ueptrtcgccgccacc^ f SEQ ID NP:288) 


A143 


isa344F 


lgtetcgccg^pp^ctffnnscccatgccgcacccctgg (SEP ID NP:289) — 1 


P144 


nsa345F 


kcg(x;gcca^p;^tffp[c^nsatgccgcacccctggttc (SEP ID NP:290) 1 


M145 


nsa346F 


lccgccaccgctggcgcccnnsccgcacccctfygttccag (SEQ ID NP:291) — j 


P146 


nsal78F 


jccaccgctggcf™^ (SEO ID NP;292) 


H147 


nsa348F 


Upntoocgcccatgc^gmisccctggttccagttgatc (SEQ ID NO:29?) 1 


PJ48 


nsal99F 


Urg C gcraatgo^<™^ (SEOIDNP:294) 1 


M42 


qsa!79F 


Up^ta^ (SF,Q ID NP:295) 


F150 


nsa!80F 


Ljcatgccgcacccctgcmnsca^gatcttcgagggc (SEP ID NP£961 1 


0151 


nsa352F 


Jatgccgcacc^pprttntiTisttgatcttcgagggcggc (SEP ID NP:2£D 1 


L152 


nsa353F 


Iccgcacccctggttccagnnsatcttcgagggcggcgag (SEP ID NP:298) — J 


[153 


nsa200F 


[cacccctggtt^qttpnnsttcgagggcggcgagcag (SEQ ID NP.299) — I 


F154 


osa201F 


[ccctggttccagttgatcnnsgagggcggcgagcagaag (SEQ IP NP:300) 


E155 


nsa356F 


Itggttccagttgatcttcnnsggcggcgagcagaagacc (SEP ID NP:301) 


G156 


Qsa357F_ 


IttccagttgatcttrcTaomnsggcgagcagaagaccact (SEQ ID NP:302) 


G157 


nsa358F 


jcagttgatcttcgagggcnnsgagcagaagaccactgag (SEQ ID NP:303) — 1 


El 58 


nsa359F 


fttgatcttcgagggcggcnnscagaagaccactgagctc (SEP ID NP:304) 


0159 


nsa360F 


1 • a ■ — — — — — — A nr*. #% I CWll III 1* 111 11 S 


K160 


nsa361F 


jttcgagggcggcgagcagnnsaccactgagctcgcccgc (SEQ TP NP:306^ 


T161 


nsa362F 


Igagggcggcp^p^gaflgnnsactgagctcgcccgcgtg (SEQ ID NP: 307) 1 


T162 


nsa363F 


ggcggcgagcagaagaccnnsgagctcgcccgcgtgtac (SEP ID NP.308) 1 


E163 


nsa364F 


|ggcgagcagaagaccactpTisctcgcccgcgtgtacagc 1SEQ ID NP:309) 


LI 64 


nsa365F 


[gagcagaagaccactgagnnsgcccgcgtgtacagcgcg (SEQ IDNP:31(fl 1 


A165 


nsa366F 


jcagaagaccactgagctcnnscgcgtgtacagcgcgctc (SEP ID NPi31D — 1 


R166 


nsa367F 


laagaccactgagctcgccnnsgtgtacagcgcgctcgcg (SEP ID NP:312) — 


V167 


nsa368F 


laccactgagctcgcccgcnnstacagcgcgctcgcgtcg (SEP ID NP.313) — | 
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Y168 n 


,sa369F 


ctgagctcgcccgcgtennsagcgcectcgcgtcettc (SEP TP NP:314) — I 


SI 69 d 


sa370F e 


raectcgcccgf ptptacnnsgcgctcgcgtcgttcatg (SEP TP NP:315) J 


A170 c 


isa371F c 


tcecccgcgtgtacagcnnsctcgcgtcgttcatgaag (SEP ID NP:316) 1 


U71 t 


isa372F £ 


rcccgcgtgtacagcgcennsgcgtogttcatgaaggtg (SEP TP NP:317) — 1 


A172 


isa373F c 


!f >cgtgtacagcgcgctcimstcgttcatgaaggtRCCR (SFQ TP NP;318) 1 


S173 


isa374F 


rffrfap.affctTcgctcgcgnnsttcatgaaggtgccpttc (SFQ TP NO:319) 


F174 


isa375F 


caPCgcgctcgcgtcgnnsatgaaggtgccgttcttcLSEO ID NP:?20) 1 


M175 


isa376F 


gcBcgctcgcgtcgttcnnsaaggtgccgttcttggac (SEP ID NO'.32t) 


K176 


isa377F 


»cpctcgcgtcgttnatgnnsgtgccettcttcgacgcg fSEO ID NOj322) 1 


VI 77 


nsa378F 


stegcgtcgttcatgaagnnsccgttcttcgacgcgggt f SEP ID NO:323) J 


P178 


nsa379F 


iTCgtcgttcatgaagPtgnnsttcttcgacgcgggtt^p (SEP TP NO:324') 1 


[F179 


nsa380F 


tcgttcatgaagptgrcgnnsttcgacgcgggttcggtg fSEO ID NP:3251 1 


|F180 


nsa381F 


ttcatgaaggtgccgttcnnsgacgcgggttcggtgatc (SEP ID >?P:326) 1 


D181 


nsa382F 


taaaoataccottcttcnnsgcgggttcggtgatcagc (SEO TD NO',327) 




nsa383F 


aapptgccgttcttcgacnnsggttcggtgatcagcacc (SEP ID NP:32& 1 


G183 


nsa384F 


otgccgttcttcgacgcgnnstcggtgatcagcaccgac (SEP ID NO:329) 1 


SI 84 


nsa385F 


ecgttcttcgacgcgggtainsgtgatcagcaccgacggc (SEP TP NP:33(V) — 1 


V185 


nsa386F 


ttcttcgacgcp^pttrfmnsatcagcaccgacggcgtc ( SEP ID NP;331) 1 


1186 


nsa387F 


ttcgacgcsggttr.gptpnnsagcaccgacsgcgtcgac (SEP ID KP:332) — J 


SI 87 


nsa388F 


gacgcgggttcgptgatcnnsaccgacggcgtcgacgga (SEO ID NP;333) j 


T188 


nsa389F 


poppfTttr.pof oatcagcnnsgacggcgtcgacggaatc f SEO ID NP:334> 1 


D189 


nsa390F 


ggttcggtgatcagcaccnnsggcgtcgacggaatccac (SEP ID WP;335) — j 


G190 


nsa391F 


tcggtgatcagcaccgacnnsgtcgacggaatccacttc (SEQ ID NP:336) 1 


V191 


nsa392F 


gtgatcagcaccgacggcnpsgacggaatccacttcacc (SEP ID NP:337) — 1 


D192 


nsa393F 


atcagcaccgacggcfitcnnsggaatccacucaccgd.u i 


G193 


nsa394F 


agcaccgacggcgtcgacnnsatccacttcaccgaggcc (SEP ID NO:339^ — 


1194 


nsal81F 


— ^o^r.^^rToncrnrortrtgrarnrarrgapgccaac (SEP ID NP.340) 1 


H195 


nsa396F 


gacggcgtcgacggaatcnnsttcaccgaggccaacaat ( SEP ID NP:341) — J 


F196 


nsal82F 


ggcgtcgacgga^tr^flrnnsaccgaggccaacaatcgc (SEQ ID NO:342) 1 


T197 


nsa398F 


gtcgacggaatccacttcnnsgaggccaacaatcgcgat (SEP ID NO:343) 


E198 


nsa399F 


gacggaatccacttcaccnnsgccaacaatcgcgatctc (SEP ID NP:344) j 


A199 


nsa400F 


ggaatccacttcaccgagmsaacaatcgcgatctcggg (SEQ ID NP:345) — 


N200 


nsa401F 


Q t^Pttr a r^o a ggccnnsaatcgcgatctcggggtg (SEP ID NP.346) j 
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N201 


asa402F 


sacttcaccea^nrtflflcnnscffCffatctceeeEtcecc (SEO ID NO:347) — 


R202 


nsa403F 


ttcaccffaeficcaacaatnnseatctcegeetcffccctc ( SEO ID NO:3481 


D203 


nsa404F 


accffaeeccaacaatoffcnnsctcecfffitccccctcecc ( SEO IDNO:349) 


L204 


nsa405F 


ffaffffccaacafltnpr^atnnsffffffeteffccctcecccaa (SEO ID NO:350) 


G205 


nsa406F 


gccaacaatcgCPatctcnTis^ggccctcgcggaacag (SEO ID NO:351) — 


V206 


nsa407F 


aacaatcgcgatctcgggnnsgccctcgcggaacagRtg f SEQ ID NO:3S2) 


A207 


nsa408F 


^t^patrtGPPggtgnnsctcgcggaac^ggtgcag (SEQ IDNQ:353) 


L208 


nsa409F 


^■patrtePwrtgTCcnnsgcggaacaggtgcapapc (SEO ID NQ-354) 


A209 


nsa410F 


ffatctcecep+ptpi^^-nnsBaacaeetpcaeacccte (SEO ID NO.:355J — 


E210 


nsa411F 


crtceecsteR''^r!fTr.p|T(nscaeetecaBaBCCtccte CSEO ID NO:356i — 


0211 


nsa412F 


ffBeeteeccctceceffaannsptgcaffaecctectetaa (SEO ID NQ:35U — 


V212 


nsa413F 


QlBBCcctcp^fK'nrafrnnsr.afiafi'cctBctetaaaae ( SEO ID NO:3_58) — 


0213 


nsa414F 


gC cctogcggaac a ^f»t«ni» sa iT CC t g cH»taaaaPPPC f SEP ID NO:359) 


S214 


nsa415F 


etogcggaacaBBtgcaennsctgctBtaaaagggcgaa (SEP ID NQ:36Q) 


L2J5 




^■fTtraacaggtgcagagcnnsctgtaaaaggRCRaattc (SEQ ID NO;36^> 


L216 


Qsa417F 


gaacaBBtecaf«p^on«staaaaBBffcgaattctEC (SEP ID NO:362) 



Tahl 


Kite-Saturation Reverse Primer Sequences 


Residue 


Primer_ 


Primer Seauence 


Ml 


nsa202R 


A.CACAGAATTCGCTTGGCSNNGGTTAATTCCTCCTGTTA 
SFOIPNG:363^ _ 


A2 


Ua203R 


GAAACACAGAATTCGCTTSNNCATGGTTAATTCCTCCTG 
rSRO ID NP:364> . _ 


K3 


nsa204R 


ACCGAAACACAGAATTCGSNNGGCCATGGTTAATTCCTC 
(SEPIDNO:365^ 


R4 


nsa205R 


ATCACCGAAACACAGAATSNNCTTGGCCATGGTTAATTC 
rSF.OTDNG:366^ 


15 


nsa206R 


GGAATCACCGAAACACAGSNNTCGCTTGGCCATGGTTAA 
fKF.O TP NG:36T> . 


L6 


nsa207R 


CAGGGAATCACCGAAACASNNAATTCGCTTGGCCATGGT 
(SEP ID NO:368) , 


C7 


nsa208R 


GGTCAGGGAATCACCGAASNNCAGAATTCGCTTGGCCAT 
rSFOIDNO:369') 


F8 


nsa209R 


CCAGGTCAGGGAATCACCSNNACACAGAATTCGCTTGGC 
(SEP ID NO:37(» — 1 
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G9 



lsa210R 



GCCCC AGGTC AGGGAATC SNNGAAAC AC AG AATTCGCTT 
rSEOIDNO:37n 



D10 nsal68R 



sn, 



12, 



A23 



P24 



121 



E26 



R27 



|F28. 



nsa212R 



a!69R 



CCAGCCCCAGGTCAGGGASNNACCGAAACACAGAATTCG 
fSEOIPNO:372'> 



GACCCAGCCCCAGGTCAGSNNATCACCGAAACACAGAAT 



GGGG ACCCAGCCCC AGGT SNNGG AATC ACCGAAACAC AG. 
fSEOIPNO:374^ 



nsa!70R 



ACGGGGACCCAGCCCCASNNCAGGGAATCACCGAAACA 
SEOIPNO:375^ 



nsal71R 



'CGACGGGGACCCAGCCSNNGGTCAGGGAATCACCGAA 
lfSEOIDNO:376) 



GTCTTCGACG GGGACCC ASNNCCAGGTCAGGGAATCACC 
r^ a lT^HrSE"0'mMJ:37^' 



CCCGTCTTCGACGGGGACSNNGCCCCAGGTCAGGGAATC 
nsa172R If SEP TP NO:3781 



nsa218R 



GCCCCGTCTTCGACGGGSNNCCAGCCCCAGGTCAGGGA 
SF.OmNO:379^ 



nsa219R 



nsa220R 



jTGCCCCGTCTTCGACSNNGACCCAGCCCCAGGTCAG 
^"SF.O TP NQ:3801 



rTGGGTGCCCCGTCTTC SNNGGGG ACCCAGCCCC AGGT 
fSEOTPNO:38n 



CTCGGTGGGTGCCCCGTCSNNGACGGGGACCCAGCCCCA 
nsa221R |fSE0 1DNO:382) 



nsa222R 



nsa224R 



nsa!91R 



nsa!92R 



CCGCTCGGTGGGTGCCCCSNNTTCGACGGGGACCCAGCC 
fSKOIPNO:383^ 



GAACCGCTCGGTGGGTGCSNNGTCTTCGACGGGGACCCA 
ln Sa 223R lfSEOTDNO : 384> 



GGCGAACCGCTCGGTGGGSNNCCCGTCTTCGACGGGGAC 
fSF.OTPNO:385'> 



GGGGGCGAACCGCTCGGTSNNTGCCCCGTCTTCGACGGG 
fSEO TP NO:3861 



nsa227R 



nsa228R_ 



GTCGGGGGCGAACCGCTCSNNGGGTGCCCCGTCTTCGAC 
rSEO 10^:387^ 



CACGTCGGGGGCGAACCGSNNGGTGGGTGCCCCGTCTTC 



GCGCACGTCGGGGGCGAASNNCTCGGTGGGTGCCCCGTC 
rSEO TP NO:389'> 



nsa229R IfSEO 



fcCAGCGCACGTCGGGGGCSNNCCGCTCGGTGGGTGCCCC 
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\29 


( 

isa230R 


3GTCCAGCGCACGTCGGGSNNGAACCGCTCGGTGGGTGC 
SEP IDNG:391) — — — — — 


>30 


/ 

isa231R 


VCCGGTCCAGCGCACGTCSNNGGCGAACCGCTCGGTGGG 
SEPIDNG:392^ 




D31 


isa232R 


:acaccggtccagcgcacsnngggggcgaaccgctcggt 

SEP ID NO:393l ; _ 




V32 


isa233R 


:agcacaccggtccagcgsnngtcgggggcgaaccgctc 





£22 


nsa234R 


3GCCAGCACACCGGTCCASNNCACGTCGGGGGCGAACCG 
r SEP TP NG:395 ) _ , 


W34 


nsa235R 


CTGGGCCAGCACACCGGTSNNGCGCACGTCGGGGGCGAA 
SF.PTDNP:39ff> 




nsa236R" 


CTGCTGGGCCAGCACACCSNNCCAGCGCACGTCGGGGGC 
"SEP ID NG:397) 


135 

G36 


nsa237R 


GAGCTGCTGGGCCAGCACSNNGGTCCAGCGCACGTCGGG 
SEP ID NG:398^ _ - 


V37 


nsa238R 


TCCGAGCTGCTGGGCCAGSNNACCGGTCCAGCGCACGTC 
SEPIDNP;3991 


L38 


nsa239R 


CGCTCCGAGCTGCTGGGCSNNCACACCGGTCCAGCGCAC 
rSEPIDNG:400 , > — 


A39 


nsa240R 


GTCCGCTCCGAGCTGCTGSNNCAGCACACCGGTCCAGCG 
fRPP TP NO:401^ — 


O40 


nsa241R 


GAAGTCCGCTCCGAGCTGSNNGGCCAGCACACCGGTCCA 
(SEP ID NP:40y> _ 


D41 


Qsa242R 


CTCGAAGTCCGCTCCGAGSNNCTGGGCCAGCACACCGGT 
( SEP ID NP:403) 


L42 


nsa243R 


CACCTCGAAGTCCGCTCCSNNCTGCTGGGCCAGCACACC 
(SEP ID NO:404) 






GATCACCTCGAAGTCCGCSNNGAGCTGCTGGGCCAGCAC 


A44 


Qsa245R 


CTCGATCACCTCGAAGTCSNNTCCGAGCTGCTGGGCCAG 
fSEGIDNG:40ff» 


D45 


nsa246R 


CTCCTCGATCACCTCGAASNNCGCTCCGAGCTGCTGGGC 
rSEPlDNP:40T» 


F46 


nsa247R 


TCCCTCCTCGATCACCTCSNNGTCCGCTCCGAGCTGCTG 
(SEP ID NG;4081 


E47 


nsa248R 


CAGTCCCTCCTCGATCACSNNGAAGTCCGCTCCGAGCTG 
fSEGIDNP-409^ 




IV48 


nsa249R 


GCTCAGTCCCTCCTCGATSNNCTCGAAGTCCGCTCCGAG 
fSHOIDNP!41(n 
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149 


C 

isa250R ( 


:gcgctcagtccctcctcsnncacctcgaagtccgctcc 

SFOTDNO:4in 


E50 


( 

isa251R ( 


jCGCGCGCTCAGTCCCTCSNNGATCACCTCGAAGTCCGC 
SFOTDNO:41^ 


E51 


( 

isa252R ( 


jGTGCGCGCGCTCAGTCCSNNCTCGATCACCTCGAAGTC 
SF.OTDNO:41^ — 


G52 


isa253R 


3GTGGTGCGCGCGCTCAGSNNCTCCTCGATCACCTCGAA 
SFOIDNO:414} 




nsa 1 Q3R 


3TTGGTGGTGCGCGCGCTSNNTCCCTCCTCGATCACCTC 


JL53 

S54 1 


bATGTTGGTGGTGCGCGCSNNCAGTCCCTCCTCGATCAC 


A55 


Dsal74R 


GTCGATGTTGGTGGTGCGSNNGCTCAGTCCCTCCTCGAT 
fSEOIDNO:417l 




nsa257R 


GTCGTCGATGTTGGTGGTSNNCGCGCTCAGTCCCTCCTC 
rSEOIDNO:418^ _J 


H 

T57 


osa258R 


GGGGTCGTCGATGTTGGTSNNGCX^GCGCTCAGTCCqTC 
pSEO ID NO:419l == =4 


TS8 


nsa259R 


GGTGGGGTCGTCGATGTTSNNGGTGCGCGCGCTCAGTCC 
fSFOTDNO:42(» _ 




nsa260R 


ATCGGTGGGGTCGTCGATSNNGGTGGTGCGCGCGCTCAG 
f SFQ TD NOr421 ^ 


[N59 


nsa261R 


CGGATCGGTGGGGTCGTCSNNGTTGGTGGTGCGCGCGCT 
rSFO m NO:422^ — 


r° 


nsa262R 


CCGCGGATCGGTGGGGTCSNNGATGTTGGTGGTGCGCGC 
rSFO ID NO:4231 _ 


|D61 
t>62 • 


nsa263R 


bAGCCGCGGATCGGTGGGSNNGTCGATGTTGGTGGTGCG 
rSFO ID NOt424^ 


IPG?* 


nsa264R 


|gttgagccgcggatcggtsnngtcgtcgatgttggtggt 

l(SFOIDNO:425^ 


T64 


nsal94R 


gccgttgagccgcggatcsnnggggtcgtcgatgttggt 

fSEOIDNO:426 , > 


£65 


nsal95R 


cgcgccgttgagccgcggsnnggtggggtcgtcgatgtt 

f SEO ID NO:427^ — 


P66 


nsa267R 


gctcgcgccgttgagccgsnnatcggtggggtcgtcgat 

fSEOIDNO^S'k 


R67 


nsal96R 


gtagctcgcgccgttgagsnncggatcggtggggtcgtc 

rSEOIDNO:429 , » 


IL68 


nsa269R 


CAGGTAGCTCGCGCCGTTSNNCCGCGGATCGGTGGGGTC 
fSEOIDNO:430^ 



207 



o o 

WO 2005/056782, 2^ . — PCT/US2004/040438 
GC821-2 ^ 



1 

to t 


isa270R 


:ggcaggtagctcgcgccsnngagccgcggatcggtggg 1 

SEO ID NO:43 1 ) = 




isa271R 


:gacggcaggtagctcgcsnngttgagccgcggatcggt 

SEOEDNO:432^ 


p70 t 
IA71 


isa272R ( 


jCACGACGGCAGGTAGCTSNNGCCGTTGAGCCGCGGATC 
SEOIDNO:433-» 


S72 


isa273R 


3AGGCACGACGGCAGGTASNNCGCGCCGTTGAGCCGCGG 
SF.OTDNO:434^ 


Y73 


nsa274R 


3GCGAGGCACGACGGCAGSNNGCTCGCGCCGTTGAGCCG 
rSFOTDNO:43S1 


L24 




CGTCGCGAGGCACGACGGSNNGTAGCTCGCGCCGTTGAG 
rwn m Tsirv43M _ _ 


P75 


{gtgcgtcgcgaggcacgasnncaggtagctcgcgccgtt 

nsa276R H SF-O ID NO:437^ — 


S76 1 


CAGGTGCGTCGCGAGGCASNNCGGCAGGTAGCTCGCGCC 
ncn777R (RF.OTDNO:438> 




[CGGCAGGTGCGTCGCGAGSNNCGACGGCAGGTAGCTCGC 
nsa278R hSFO ID NO:439T J 


^77 1 
L78 


pAGCGGCAGGTGCGTCGCSNNGCACGACGGCAGGTAGCT 


&79 


nsa280R 


GTCGAGCGGCAGGTGCGTSNNGAGGCACGACGGCAGGTA 
fSFO ID NO:441 ^ — 


rso 


nsa281R 


CAGGTCGAGCGGCAGGTGSNNCGCGAGGCACGACGGCAG 
rSFO TD NO:442^ __ 


H81 


nsa282R 


CACCAGGTCGAGCGGCAGSNNCGTCGCGAGGCACGACGG 
fSEO ID NO:443^ _ 


L82 


nsa283R 


GATCACCAGGTCGAGCGGSNNGTGCGTCGCGAGGCACGA 
fSEO ID NO-444^ 


DQ-5 


nsa2R4R 


GATGATCACCAGGTCGAGSNNCAGGTGCGTCGCGAGGCA 
fSEO ED NO:445) 


L84 


[CATGATGATCACCAGGTCSNNCGGCAGGTGCGTCGCGAG 


D85 


nsa286R 


CAGCATGATGATCACCAGSNNGAGCGGCAGGTGCGTCGC 
fSKOIDNO:447l . . 


L86 


tisa287R 


GCCCAGCATGATGATCACSNNGTCGAGCGGCAGGTGCGT 
fSEOIDNO:448'> . . 


V87 


nsa288R 


GGTGCCCAGCATGATGATSNNCAGGTCGAGCGGCAGGTG 
fSF.O TD NO:449^ 


[88 


nsa289R 


GTTGGTGCCCAGCATGATSNNCACCAGGTCGAGCGGCAG 
fSF.OTDNO:45(tt . 1 
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1 

k89 


c 

isa290R ( 


3TCGTTGGTGCCCAGCATSNNGATCACCAGGTCGAGCGG 
SEO ID NO:45D — 


M90 


< 

isa291R ( 


3GTGTCGTTGGTGCCCAGSNNGATGATCACCAGGTCGAG 
SKO!DNO:452^ 


L91 


isa292R 


DTTGGTGTCGTTGGTGCCSNNCATGATGATCACCAGGTC 
SFOTDNO:453'k 


G92 


nsa293R 


3GCCTTGGTGTCGTTGGTSNNCAGCATGATGATCACCAG 
rSEOTDNO:454^ 


T93 


nsa294R 


3TAGGCCTTGGTGTCGTTSNNGCCCAGCATGATGATCAC 
rSF.OTT)NO:455> — 


N94 


nsal75R 


GAAGTAGGCCTTGGTGTCSNNGGTGCCCAGCATGATGAT 
fSEO ID NO:456^ 


D95 


nsal97R 


CCGGAAGTAGGCCTTGGTSNNGTTGGTGCCCAGCATGAT 
fSSRO ID NO:457> 


T96 


osa297R 


GCGCCGGAAGTAGGCCTTSNNGTCGTTGGTGCCCAGCAT 
rSEOEDNO:458^ 


K97 


nsal76R 


GGTGCGCCGGAAGTAGGCSNNGGTGTCGTTGGTGCCCAG 1 
fSEO ID NO:459^ — 1 


A98 


nsa299R 


CGGGGTGCGCCGGAAGTASNNCTTGGTGTCGTTGGTGCC 
rSEOIDNO:460> 


Y99 


nsal77R 


GAGCGGGGTGCGCCGGAASNNGGCCTTGGTGTCGTTGGT 
(SEOIDNO:46tt 


F100 


nsa301R 


GTCGAGCGGGGTGCGCCGSNNGTAGGCCTTGGTGTCGTT 
f SEO ID NO:462* _ 


Loi 


nsa302R 


GATGTCGAGCGGGGTGCGSNNGAAGTAGGCCTTGGTGTC 
f SEO TD NO:463^ 


R.102 


nsa303R 


CGCGATGTCGAGCGGGGTSNNCCGGAAGTAGGCCTTGGT 
fSEO ID NO:4641 


T103 




CAGCGCGATGTCGAGCGGSNNGCGCCGGAAGTAGGCCTT 


PI 04 


nsa305R 


GCCCAGCGCGATGTCGAGSNNGGTGCGCCGGAAGTAGGC 
rSEOIDNOt466^ 


L105 


nsa306R 


CATGCCCAGCGCGATGTCSNNCGGGGTGCGCCGGAAGTA 
fSEOIDNO:46T> 


D106 


asa307R 


CGACATGCCCAGCGCGATSNNGAGCGGGGTGCGCCGGAA 
fSEO roNO:4<58-» 


1107 


nsa308R 


CACCGACATGCCCAGCGCSNNGTCGAGCGGGGTGCGCCG 
fSEOIDNO:469> 


A108 


nsa309R 


GAGCACCGACATGCCCAGSNNGATGTCGAGCGGGGTGCG 1 
If SEO ID NO:470-» 1 
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L109 


isa310R 


3ACGAGCACCGACATGCCSNNCGCGATGTCGAGCGGGGT 
SFOIDNO:47n _ 


G110 


isa311R 


:gtgacgagcaccgacatsnncagcgcgatgtcgagcgg 

SEO ID NO: 472) 1 


Mill 


asa312R 


JTGCGTGACGAGCACCGASNNGCCCAGCGCGATGTCGAG 


S112 


ri?a313R 


CACCTGCGTGACGAGCACSNNCATGCCCAGCGCGATGTC 
rSEO ID NO:474> = j 


VI 13 


Qsa314R 


QAGCACCTGCGTGACGAGSNNCGACATGCCCAGCGCGAT j 
fSFOIDN0.475> 


LI 14 


nsa315R 


GGTGAGCACCTGCGTGACSNNCACCGACATGCCCAGCGC 


V115 


nsa316R 


GCTGGTGAGCACCTGCGTSNNGAGCACCGACATGCCCAG 
rtJFO ID NO:477 , i = 


rue 


nsa317R 


CGCGCTGGTGAGCACCTGSNNGACGAGCACCGACATGCC 
fSEO ID NO:478^ . ; 


PU7 


nsa318R 


GCCCGCGCTGGTGAGCACSNNCGTGACGAGCACCGACAT 
fSEOIDNO:47^ 


V118 


nsa319R 


GCCGCCCGCGCTGGTGAGSNNCTGCGTGACGAGCACCGA 
rSEOE>NO:480 , » 


L119 


asa320R 


GACGCCGCCCGCGCTGGTSNNCACCTGCGTGACGAGCAC 
fSEOIDNO:48n 


T120 


nsa321R 


GCCGACGCCGCCCGCGCTSNNGAGCACCTGCGTGACGAG 
fSFO ID NO:482^ 


S121 


nsa322R 


GGTGCCGACGCCGCCCGCSNNGGTGAGCACCTGCGTGAC j 
rSFOTT)NO:483 , > 


A122 


jCGTGGTGCCGACGCCGCCSNNGCTGGTGAGCACCTGCGT 
—i~>™ lrQT?nmMn-48^ 




nsa324R 


GTACGTGGTGCCGACGCCSNNCGCGCTGGTGAGCACCTG 

rsEOiDNO^ssi 


G124 


nsa325R 


CGGGTACGTGGTGCCGACSNNGCCCGCGCTGGTGAGCAC 
fSBO!DNO:48ffl 


V125 


nsal98R 


rGCCGGGTACGTGGTGCCSNNGCCGCCCGCGCTGGTGAG 
fSEOIDNO:487* 


G126 


nsa327R 


GGGTGCCGGGTACGTGGTSNNGACGCCGCCCGCGCTGGT 
rSEOIDNO:488^ - 


ri2? 


nsa328R 


CTTGGGTGCCGGGTACGTSNNGCCGACGCCGCCCGCGCT 
fSEOIDNO:4891 


T128 


nsa329R 


CACCTTGGGTGCCGGGTASNNGGTGCCGACGCCGCCCGC 
fSEO IDNO:49(n 1 
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1 


C 

isa330R ( 


:agcaccttgggtgccggsnncgtggtgccgacgccgcc 

SEO ID NO:491) — — — ~— 




( 

isa331R f 


:accagcaccttgggtgcsnngtacgtggtgccgacgcc 

SEO ID NO:492l = 


pi 30 

ki3i 


< 

isa332R ( 


3ACCACCAGCACCTTGGGSNNCGGGTACGTGGTGCCGAC 


fel32 


i 

isa333R 


^GAGACCACCAGCACCTTSNNTGCCGGGTACGTGGTGCC 
SFO TH Nf>:494» __ 


U_ 


isa334R . 


^GGCGAGACCACCAGCACSNNGGGTGCCGGGTACGTGGT 
SFOIDNO:495) 




nsa335R 


rGGCGGCGAGACCACCAGSNNCTTGGGTGCCGGGTACGT 
rSFO ID NO:49^ - 


pM 

ll35 


asa336R 


CGGTGGCGGCGAGACCACSNNCACCTTGGGTGCCGGGTA 
fSEOIDNO:497> — 


VI 36 


nsa337R 


CAGCGGTGGCGGCGAGACSNNCAGCACCTTGGGTGCCGG 
(SFOIDNO:498^ — — 




nsa338R 


CGCCAGCGGTGGCGGCGASNNCACCAGCACCTTGGGTGC 
fsFomwr^wi = 


H 

K138 




GGGCGCCAGCGGTGGCGGSNNGACCACCAGCACCTTGGG 
m Mn-^nrn _ ! 


L>139 


fcATGGGCGCCAGCGGTGGSNNCGAGACCACCAGCACCTT 
nsa340R fSPOTnNO:50n _ 




ECGGCATGGGCGCCAGCGGSNNCGGCGAGACCACCAGCAC 
— UrcTJomwrv^m __= 


pl40 
P141 


nsa342R 


GTGCGGCATGGGCGCCAGSNNTGGCGGCGAGACCACCAG 
rSEOIDNO:503^ 


L142 




GGGGTGCGGCATGGGCGCSNNCGGTGGCGGCGAGACCAC 
rcT5nm>Josn4\ 1 




{CCAGGGGTGCGGCATGGGSNNCAGCGGTGGCGGCGAGAC 
nsa344R f SFO TO NO:505^ . 4 


PI 44 


*n\ K - -nrGTGCGGCATSNNCGCCAGCGGTGGC^GC^- \ 
nca U5R i SEC* ID NO:506J . H 


M145 


nsa346R 


[CTGGAACCAGGGGTGCGGSNNGGGCGCCAGCGGTGGCGG 
fSFOTDNO:507> . — 


P146 


nsal78R 


CAACTGGAACCAGGGGTGSNNCATGGGCGCCAGCGGTGG 
fSF.OTDNO:508^ . 


HI 47 


nsa348R 


GATCAACTGGAACCAGGGSNNCGGCATGGGCGCCAGCGG 
fSFOIDNO:509) . . 


PI 48 


nsal99R 


GAAGATCAACTGGAACCASNNGTGCGGCATGGGCGCCAG 
rSEOIDNO:510) — 
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W149 


isal79R 


JTCGAAGATCAACTGGAASNNGGGGTGCGGCATGGGCGC 
SF.OTDNO:5in 


F150 


isal80R 


3CCCTCGAAGATCAACTGSNNCCAGGGGTGCGGCATGGG 
'SF.OIDNO:512^ 


Q151 


nsa352R 


3CCGCCCTCGAAGATCAASNNGAACCAGGGGTGCGGCAT 
cSROTDNO:513^ 


L152 


nsa353R 


CTCGCCGCCCTCGAAGATSNNCTGGAACCAGGGGTGCGG 
rSEOIDNO:514> 


1153 


Qsa200R 


CTGCTCGCCGCCCTCGAASNNCAACTGGAACCAGGGGTG 
fSROIDNO:515^ 


F154 


osa201R 


CTTCTGCTCGCCGCCCTCSNNGATCAACTGGAACCAGGG 
rSRO ID NO:51tt . =_ 


E155 


nsa356R 


GGTCTTCTGCTCGCCGCCSNNGAAGATCAACTGGAACCA 
rSEOIDNO:51T> 


G156 


nsa357R 


AGTGGTCTTCTGCTCGCCSNNCTCGAAGATCAACTGGAA 
(SEQIDNO:518) „ 


bl57 


asa358R 


CTCAGTGGTCTTCTGCTCSNNGCCCTCGAAGATCAACTG 
fSHOTDNO:519^ 


E158 


nsa359R 


GAGCnGAGTGGTCTrCTGSNNGCCGCCCTCGAAGATCAA 
fSEOIDNO^tn 


Q159 


nsa360R 


GGCGAGCTCAGTGGTCTTSNNCTCGCCGCCCTCGAAGAT 
rSEOIDNO:52n 


K160 


nsa361R 


GCGGGCGAGCTCAGTGGTSNNCTGCTCGCCGCCCTCGAA 
fSEQIDNO:522) .__ 


T161 


nsa362R 


CACGCGGGCGAGCTCAGTSNNCTTCTGCTCGCCGCCCTC 
rSEOIDNO:523^ 


T162 


nsa363R 


GTACACGCGGGCGAGCTCSNNGGTCTTCTGCTCGCCGCC | 
rSEO ID NO:524^ 


E163 


nsa364R 


GCTGTACACGCGGGCGAGSNNAGTGGTCTTCTGCTCGCC 


L164 


osa365R 


CGCGGTGTACACGCGGGCSNNCTCAGTGGTCTTCTGCTC 
fSEOIDNO:52tf> 


A165 


nsa366R 


GAGCGCGCTGTACACGCGSNNGAGCTCAGTGGTCTTCTG 
fSEOIDNOr527'» 


R166 


nsa367R 


CGCGAGCGCGCTGTACACSNNGGCGAGCTCAGTGGTCTT 
fSEOn>NO:528-> 


V167 


nsa368R 


CGACGCGAGCGCGCTGTASNNGCGGGCGAGCTCAGTGGT 
fSEO ID NO:529^ 


Y168 


nsa369R 


GAACGACGCGAGCGCGCTSNNCACGCGGGCGAGCTCAGT 
fSEOIDNO:53(r> 
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1 

S169 


( 

isa370R 


^ATGAACGACGCGAGCGCSNNGTACACGCGGGCGAGCTC 
SEOIDNO:53n 


Ll70 1 


nsa371R 


3TTCATGAACGACGCGAGSNNGCTGTACACGCGGGCGAG 
SEOIDNO:532 , > 


L171 


nsa372R 


CACCTTCATGAACGACGCSNNCGCGCTGTACACGCGGGC 
rSEOIDNO:533 , > 


A172 


nsa373R 


CGGCACCTTCATGAACGASNNGAGCGCGCTGTACACGCG 
fSEOIDNO:534^ 


S173 


nsa374R 


GAACGGCACCTTCATGAASNNCGCGAGCGCGCTGTACAC j 
fSEQIDNO:535) 


F174 


nsa375R 


GAAGAACGGCACCTTCATSNNCGACGCGAGCGCGCTGTA 
fSEOIDNO:53tt 


M175 


nsa376R 


GTCGAAGAACGGCACCTTSNNGAACGACGCGAGCGCGCT 
fSEOIDNO:S37> 


EC176 


nsa377R 


CGCGTCGAAGAACGGCACSNNCATGAACGACGCGAGCGC 
bEOIDNO:538) „. 


lvi77 hsa378R 


ACCCGCGTCGAAGAACGGSNNCTTCATGAACGACGCGAG 
fSEOIDNO:539^ 


P178 


nsa379R 


CGAACCCGCGTCGAAGAASNNCACCTTCATGAACGACGC 
fSFOTDNO:54<» 


F179 


[CACCGAACCCGCGTCGAASNNCGGCACCTTCATGAACGA 
nsa380R IfSEO ID NO:5411 


F180 


nsa381R 


bATCACCGAACCCGCGTCSNNGAACGGCACCTTCATGAA 
kEOIDNO:542> 


D181 


nsa382R 


bcTGATCACCGAACCCGCSNNGAAGAACGGCACCTTCAT 
(SEQIDNO:543) 


A182 


nsa383R 


GGTGCTGATCACCGAACCSNNGTCGAAGAACGGCACCTT 
rSF.OTDNO:544^ 


G183 


GTCGGTGCTGATCACCGASNNCGCGTCGAAGAACGGCAC 
nasrtfeK lrSFOTr>NO:S45 , » 


S184 


nsa385R 


bcCGTCGGTGCTGATCACSNNACCCGCGTCGAAGAACGG 
fSEOIDNO:54ff> 


V185 


nsa386R 


GACGCCGTCGGTGCTGATSNNCGAACCCGCGTCGAAGAA 
rSEOIDNO:547^ 


1186 


nsa387R 


GTCGACGCCGTCGGTGCTSNNCACCGAACCCGCGTCGAA 
fSEOIDNO:548 , » 


SI 87 


nsa388R 


TCCGTCGACGCCGTCGGTSNNGATCACCGAACCCGCGTC 
fSEOIDNO:549 , > 


T188 


nsa389R 


GATTCCGTCGACGCCGTCSNNGCTGATCACCGAACCCGC 
fSEOIDNO:55(» 
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1 

D189 _isa390R 


jTGGATTCCGTCGACGCCSNNGGTGCTGATCACCGAA(X 
SROTDNO:55n . 


I — 


«a391R 


3AAGTGGATTCCGTCGACSNNGTCGGTGCTGATCACCGA 
SEOIDNO:552'> 


pl90 i 
V191 


isa392R 


3GTGAAGTGG ATTCCGTC SNNGCCGTCGGTGCTGATC AC 
SEOIDNO:55Tl 


D192 


asa393R 


JTCGGTGAAGTGGATTCCSNNGACGCCGTCGGTGCTGAT I 
fSEO ID NO:554 , » 


G193 


nsa394R 


3GCCTCGGTG AAGTGGAT SNNGTCGACGCCGTCGGTGCT 
rSEQIDNO:555) . _= 


1194 


osal81R 


GTTGGCCTCGGTGAAGTGSNNTCCGTCGACGCCGTCGGT 
fSEOTDNO:556^ 


H195 


nsa396R 


ATTGTTGGCCTCGGTGAASNNGATTCCGTCGACGCCGTC 
fSEOIDNO:55T> 


F196 


nsal82R 


GCGATTGTTGGCCTCGGTSNNGTGGATTCCGTCGACGCC 
/SEOIDNO^Sa'k 


T197 


nsa398R 


ATCGCGATTGTTGGCCTCSNNGAAGTGGATTCCGTCGAC 


E198 


Igagatcgcgattgttggcsnnggtgaagtggattccgtc 


A199 


nsa400R 


CCCGAGATCGCGATTGTTSNNCTCGGTGAAGTGGATTCC 
rSFOTDNO:56n , 




nsa40lR 


CACCCCGAGATCGCGATTSNNGGCCTCGGTGAAGTGGAT 
fSEOIDNO:562^ __ 


N201 


nsa402R 


GGCCACCCCGAGATCGCGSNNGTTGGCCTCGGTGAAGTG 
rspn m NO:563^ _____ 


R202 


nsa403R 


GAGGGCCACCCCGAGATCSNNATTGTTGGCCTCGGTGAA 
rSEOIDNO!564 , » 


D203 


nsa404R 


CGCGAGGGCCACCCCGAGSNNGCGATTGTTGGCCTCGGT 
fSEO ID NO:565-» 


L204 


nsa405R 


jTTCCGCGAGGGCCACCCCSNNATCGCGATTGTTGGCCTC 

fSEO id NO-.5661 


G205 


nsa406R 


CTGTTCCGCGAGGGCCACSNNGAGATCGCGATTGTTGGC 
fSEOIDNO-Sfi?^ 


V206 


nsa407R 


CACCTGTTCCGCGAGGGCSNNCCCGAGATCGCGATTGTT 
fSEOIDNO:568 , » 


A207 


nsa408R 


CTGCACCTGTTCCGCGAGSNNCACCCCGAGATCGCGATT 
fSEOIDNO^Q^ 


L208 


nsa409R 


GCTCTGCACCTGTTCCGCSNNGGCCACCCCGAGATCGCG 
rSEOIDNO:570^ 
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A209 


nsa410R 


CAGGCTCTGCACCTGTTCSNNGAGGGCCACCCCXjAGATC 
rSEOEDNO:57n 


E210 


qsa4HR 


CAGCAGGCTCTGCACCTGSNNCX3CGAGGGCCACCCCGAG 
fSEO IDNO^^ 


0211 


nsa412R 


ITACAGCAGGCrCTGCACSNNTTCCGCGAGGGCCACCCC 
fSEO ID NO:573 ) ...... 


V212 


nsa413R 


CTTTTACAGCAGGCTCTGSNNCTGTTCCGCGAGGGCCAC 
fSEOIDNO:574^ 


0213 




GCCCTTTTACAGCAGGCTSNNCACCTGTTCCGCGAGGGC 
fSEQIDNO:575) 


S214 


nsa415R 


TTCGCCCTTTTACAGCAGSNNCTGCACCTGTTCCGCGAG 

rsEorDNO^e'j 


L215 


nsa416R 


GAATTCGCCCTTTTACAGSNNGCTCTGCACCTGTTCCGC 
rSEOIDNO:577» 


L216 


nsa417R 


GCAGAATTCGCCCTTTTASNNCAGGCTCTGCACCTGTTC 
rSEOIDNO:578> 



QC Method to Create Site-Saturation Libraries 

The QC reaction consisted of 40.25 uL of sterile distilled H20, 5 uL of PfuTurbo 
5 lOx buffer from the kit, luL dNTPs from the kit, 1.25 uL of forward primer (lOOng/uL), 
1.25 uL reverse primer (lOOng/uL), 0.25 uL of pMSAT-Ncol miniprep DNA as template 
(~50ng), and 1 uL of PfuTurbo from the kit, for a total of 50 uL. The cycling conditions 
were 95*C for lmin, once, foUowed by 19-20 cycles of 95*C for 30 to 45 sec, 55°C for 
lmin, and 68*C for 5 to 8 min. To analyze the reaction, 5uLofthe reaction was run on a 

10 0.8% E-gel (Invitrogen) upon completion. Next, Dpnl digestion was carried out twice 

sequentially, with 1 uL and 0.5 uL of enzyme at 37°C for 2 to 8 hours. A negative control 
was carried out under similar conditions, but without any primers. Then, 1 uL of the 
I)pnl-digested reaction product was transformed into 50 uL of one-shot TOP 10 
electrocompetent cells (Invitrogen) using a BioRad electroporator. Then, 300 uL of SOC 

1 5 provided with the TOP 1 0 cells (Invitrogen) were added to the electroporated cells and 
incubated with shaking for 1 hour before plating on LA plates containing lOppm 
kanamycin. The plates were incubated at 37°C overnight. After mis incubation, 96 



215 



WO 2005/056782 . _.. . — -» PCT/US2004/040438 

GC821-2 O 



colonies from each of the libraries each site) were inoculated in 200uL of LB 
containing 10-50ppm of kanamycin in 96-well microtiter plates. The plates were frozen 
at -80°C after addition of glycerol to 20% final concentration; and they were used for 
high throughput sequencing at Genaissance with the M13F and M13R primers. 

5 

QCMS Method to Create Site-Saturation Libraries 

The QCMS reaction consisted of 19.25 uL of sterile distilled H20, 2.5 uL of lOx 
buffer from the kit, luL dNTPs from the kit, 1 uL of 5' phosphorylated forward primer 
(lOOng/uL), 0.25 uL of pMSAT-Ncol miniprep DNA as template (~50ng), and luL of the 

10 enzyme blend from the kit for a total of 25 uL. The cycling conditions were 95*C for 
lmin once, followed by 30 cycles of 95*C for lmin, 55*C for lmin, and 68'C for 8 min. 
To analyze the reaction product, 5uL of the reaction were run on a 0.8% B-gel 
(Invitrogen) upon completion. Next, Dpnl digestion was carried out twice sequentially, 
with 0.5 uL of enzyme at 37°C for 2 to 8 hours. The controls, transformation, and 

15 sequencing was performed as for the QC method described above. 

Details of Screening Plate Preparation 

Using a sterilized stamping tool with 96 pins, the frozen clones from each 
sequenced library plate were stamped on to a large LA plate containing lOppm 

20 kanamycin. The plate was then incubated overnight at 37°C. Individual mutant clones 
each representing each one of the 19 substitutions (or as many that were obtained) were 
inoculated into a Costar 96-well plate containing 195uL of LB made with 2 fold greater 
yeast extract and lOppm kanamycin. Each mutant clone for a given site was inoculated 
in quadruplicate. The plate was grown at 37°C and 225 rpm shaking for 1 8 hrs in a 

25 humidified chamber. In a separate 96-well plate, 26uL of BugBuster (Novagen) with 

DNase were added to each well. Next, 125uL of the library clone cultures were added to 
the BugBuster-containing plate in corresponding wells and the plate was frozen at -80*C. 



216 



WO 2005/056782^. .„ £ PCT/US2004/040438 
GC821-2 & 



The plate was thawed, frozen and thawed again before use of the lysates in the peracid 
formation and peracid hydrolysis assays described herein. 

Combinatorial Libraries and Mutants 

5 From the screening of the single site-saturation libraries, the important sites an( 

substitutions were identified and combined in different combinatorial libraries. For 
example, libraries described in Table 8-3 were created using the following sites and 
substitutions: 

10 L12C, Q, G 

T25S,G,P 

L53H,Q,G,S 

S54V,L,A,P,T,R 

A55G,T 
15 R67T,Q,N,G,E,L,F 

K97R 

V125S,G,R,A,P 

F154Y 

F196G 
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TABLE 8-3. Libraries 



Library 


Description 


Parent 


Method 




Template 




NSAA1 


L12G S54(NNS) 


L12G 


QC 


NSAA2 


S54V L12(NNS) 


S54V 


QC 


NSAA3 


L12(NNS) S54(NNS) 


WT 


QCMS 


NSAB1 


S54VT25(NNS) 


S54V 


QC 


NSAB2 


S54VR67(NNS) 


S54V 


QC 


NSAB3 


S54VV125(NNS) 


S54V 


QC 


NSAB4 


L12IS54VT25(NNS) 


L12I S54V 


QC 


NSAB5 


L12IS54VR67(NNS) 


L12I S54V 


QC 


NSAB6 


L12I S54V V125(NNS) 


LI 21 S54V 


QC 


NSAC1 


S54(NNS)R67(NNS) 


WT 


QCMS 




V125(NNS) 




QCMS 


,NSAC2 


43 primer library, 10 sites 


S54V 


(lOOng total primers) 


S54V 


QCMS 


NSAC3 


same as nsaC2 but 300ng 




total primers 




QCMS 


NSAC4 


32 primer library, 8 sites 


S54V 




(lOOng total primers) 




QCMS 


NSAC5 


same as nsaC4 but 300ng 


S54V 




total primers 




QCMS 


NSAC6 


8 primers, 7 substitutions, 


S54V 




5 sites (lOOng total 








primers) 




QCMS 


NSAC7 


same as nsaC6 but 300ng 


S54V 




total primers 







*NNS indicates site-saturation library 

**A11 parent templates were derived from the pMSAT-Ncol plasmid and 
contained mutations at the indicated codons with in the M. smegmatis 
perhydrolase gene 

The QC or QCMS methods were used to create the combinations. The QC 
reaction was carried out as described above, with the exception being the template 
plasmid, which consisted of 0.25|iL of miniprep DNA of the L12G mutant, S54V mutant, 
or the L12I S54V double mutant plasmid derived from pMSAT-Ncol. The QCMS 
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reaction was also carried out as described above, with the exception of template and 
primers. In this case, 0.25uL of the pMSAT-Ncol template were used for NSAC1 and 
NSAA3 or S54V template for NSAC2-C7 libraries. The NSAA3 and the NSAC1 
libraries were made using 100 ng of each of the primers shown in the Table 8-4. The 
NSAC2, NSAC4, and NSAC6 libraries were made with a total of lOOng of all primers 
(all primers being equimolar), and NSAC3, NSAC5, NSAC7 libraries were made with a 
total of 300ng of all primers (all primers being approximately equimolar) 



XU2£SD£8. 



NSAC1 



NSAC1 



NSAC1 



NSAC2-C5 



Primer 
Name 



S54NNS-FP 



gtgatcgaggap pp? 9tfrnns e ;cpcpcaccaccaacato (SEP ID NQ:?79) 

~"~ **" *"* rcrnf\ ir\'xT/S«<SA\ 



R67NNS-FP 



uu, ^^p.^Aar.opntri yp^nsctcaacggcfTcpaectac ( SEP IP NQ58Q1 ... 

-FP ctcaccapr-f^^ggcgg< ^ ns P^ ccac ^^ C6 ^ *° WQ?$8 : l) . 
. ► ~ repo m WV5821 



V125NNS- 



NSAC2-C7L12Q 



NSAC2-C5 



L12C 



L12I 



NSAC2-C3 



NSAC2-C3 L12T 



NSAC2-C5 



^pt pmo.aPtgatt c ^TfiniicctggggctPPPtcccc (SEQ ID NP£$2) 



^frt pmcPrtga tf r-crAGacctggppctpggtcccc (SEP TP WQ;?83) 
* . * — ~+ tdvtrt rn •nto-584) 



^pt ptttcggtgattRcATCacctg gp^tppgtcccr, f SEP TP NO:584) 



L12M 



T25S 



HSAC2-C5T2SG, 



NSAC2-C3 



T25P 



NSAC2-C7 1 



NSAC2-C3 



53H 



,53Q 



Table 8-4. l ibraries 



ErimgE Sequence 



rtpt ptttcggtgattccATGacctp ffff^ctgggtccrc (SEP ID NO;58S) 
. j. * /•ounmNn-ssft 



rtpt ptttcggtea t f™ ^ ArOacctggPPCtgggtcccc (SEP IP NQ??86) . 

» ^ ^ /ccn m wn^: 



pt^pMini m^Ar^ (SBQ TP NQ:?87) 



pte paiimcgg ^ fSF,f)TPNQ:S8g) , 
m~ ^^^^op TTI NO: 589^ 



aV>^aOtiaV^C&f^»^^ r-.— i-i- r-irn ■ 

atnpaagacgggg ^P^CCGgagrp^gcccccgac (SFO TP NO:58?) 

£wc\ rrv xirv*<MV 



pap ptgategagg app paCACagcPCPCgcaccaccaac (SFp IP NO:590) 
' paggtgatcgappagggaCAGia p^pf pcgcaccaccaac (SEP TP NP:591) 



NSAC2-C3 



L53G 



NSAC2-C3 



NSAC2-C7 



,53S 



^patPatcgagga p p panGCagcgcPTPr-accaccaac (SEP ID NO:592) 



T.53HS54V 



NSAC2-C3r.53QS54V 



^amdl^dii>^aK^^PF^^^"^^'^ n — 

pap ptpatcgagg app paAGCagcPCgogcaccaccaar, fE?F.O ID NO:593) 
paPP tg a tog a g g f. pgganACGTG p^p^pnac Ca ccaac (SFP IP NG.S94) 



NTSAC2-C3 



T.53GS54V 



p a prtgatcgagg ap ppaflAGGT Gpr-pcgcaccacr.aac (SFp IP NO:S95) 



NSAC2-C3 



T.53SS54V 



gaggtgatcgapgagggaGGCGTGgcgcg naccaccaac fSEO IDNO:59_6 
a n ^ f<znr\ m MO S97 



NSAC2-C7S54V 



p ag ptg a tcgaggf <p pga AGCGTG p^pr-^-accaccaac (SEP ID NO:S97) 



NSAC2-C5 



S54L 



|NTSAC2-C5lA55G 



atgatcgaggag g p ^^ pnTGgcgcPcaccaccaacatc (SEP ID NO:S98) 

/OT3/-\TT-vXTr».^QQ% 



gtga«:aa ) !pi!i!g«'«" » "b>b»b>-i — ■ 

ptpatcgaggap p pactgCTGp c pcgcacca ^caacatc (SEP ID NO:S99Y 

— * — „~ rcvin rn NO-finn 



atroapgagggartpa pcGGCcg rarcaccaacatcgac (SEP ID NO:600)_ 
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NFSAC2-C5 


\551 c 


.t^fTHT<rnM»<»nptaaf»r! ACOrCP'caccaccas'f-atePac fSEO ID NO:6011 


NSAC2-C5 1 


\55Cjb54V — < 


.♦/*crafToaaararttcjOTriGGCcecaccaccaacatcffac (SEO ID NO:602^ 


NS AC2-C5 i 




^ ^ rra croa ooon a(TTG ACGcecaccaccaacatcffac (SEO ID NO:6031 


NSAC2-C5 


ssH 




NSAC2-C5 


loyg .... 


rr^rrnnnnnnnnimtrrpC*, AGetcaacppof»cpafirctac (SEO ID NO:6051 


NSAC2-Q7. 




rTif*n*in>nnnnw<ratrr<*A ACctoaacppopcpaectac ( SEO ID TMO:606 1 


NSAC2-C5 


C97R 


nn ~^ n * e ™^*r*r+C s CU^anc*ac>iin^acjr.arACjC. fSEO ID NO:607^ 


NSAC2-C5 


V125S 


r>*r^rr><\<Tr-<Tf<rrFfrrr'r*r l AGOppcacoacptacccpTEca (SEO.TD >^O:608i 


NSAC2-C7 


V125G 




NSAC2-C5 


V125R 


r»r»n frn<rr»fTfrffr ^prPGC! PPCaoraOPtaCCCff RCa. f SEO ID NOl 6 1 0} 


NSAC2-C5 


V125A 


t ^ nnr , nrrr a ( -frrrfTranrGPGfm^ (SEO ID NOl61 1^ 


NSAC2-C5 


V125P 


/rr» nerctrXTCtnC^C^CicTaOA CCA P.OtaCCCPffCa f SEO ID NOt6 1 2) 


NSAC2-C3 


f»154Y 


nnnlnnTfn — irrftrrnt^T' A i^fTnfTff<Tr*ffacf^TOagaag (SEO ID NO.613 J 


NSAC2-C3 




™«^^rro^rrrroQt/^oar*ri<^^5irr»aaocrccaacaatcgc fSEO IDNO:614l 


NSAC2-C7 


R67G-re 


^n^^^aateci^K^caacggcgcgagrtac (SBO ID NO?61S) 


NSAC2-C5 


R67E-re , ... 


RacpaccccaccritrRpOAncteaacggcgcgagctac (SFO TD NQ:61fl 


NSAC2-C5 


R67F-re 


pacpacc^crF^^frTTr^tcaacgasgcgagctac (SEO TP NQ;617) — 


NSAC2-C5 


R67L-re 


^^^^^^cratr^ofrrnctcaacggcgct^ffctac fSEO ID NO:618) — 


NSAC2-C5 


S54P 


ptpatcgaggagppactgCCGgcgcgcaccaccaacatc (SEQ ID NQ;619) 


NSAC2-C5 


IS54R 


ptpatcgaggapppactgCGCgcgcgcaccaccaacatQ (SEO TD NQ:620) 


NSAC2-Cf 


IS54G 


ptpatogaggag^aotgriaCgcgcgcaccaccaacatc (gEO TP NO:621) 


NSAC2-Cf 


[S54T 


gtgatcgaggagggactgACGgcgcgcaccaccaacatc (SEP ID NO:622) — 


NSAC2-C; 


[§5JL__ 


gtgatcgaggagggactgATCgcgcgcaccaccaacatc (SRO ID NO:6231 — 


NTSAC2-Cf 


5S54K 


gtgatcgagp^ppga«tgAAGgcgcgcaccaccaacatc (SEQ ID frIO:624) — 



Screening of Combinatorial Libraries and Mutants 

For each of the NSAB1-B6 libraries, a 96-well plate full of clones was first 
sequenced. Once the sequencing results were analyzed, the mutants obtained for each 
library were inoculated in quadruplicate, similar to the site-saturation libraries described 
above. For the NSAC1-C7 libraries, 96 colonies per/plate/library were initially 
inoculated, and each plate was screened without sequencing. Upon screening, some 
libraries looked better than others. Several plates for each of the NSAC1, C2, C4, C6 
libraries were screened. The "winners" from these single isolate screening plates were 
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then streaked out for singles or directly screened in quadruplicate just like the site- 
saturation libraries (i.e., as described above). Only the "winners" identified were 
sequenced. 

EXAMPLE 9 

5 Improved Properties of Multiply Mutated Perhydrolase Variants 

In this Example, experiments conducted to assess the properties of multiply- 
mutated perhydrolase variants are described. In these experiments, combinatorial mutants 
obtained from combinatorial libraries were tested in their performance in perhydrolysis, 
peracid hydrolysis and perhydrolysis to hydrolysis ratio. These parameters were 
10 measured in the HPLC or ABTS assays described in Example 2, above. Combinatorial 
variants tested were: 



L12I S54V, 

L12MS54T, 
15 L12TS54V, 

L12QT25S S54V, 

L53HS54V, 

S54P V125R, 

S54VV125G, 
20 S54VF196G, 

S54V K97R V125G, and 

A55G R67T K97R V125G, 

As is indicated in Table 9-1 below, all of these variants were better than wild type 
25 enzyme in at least one of the properties of interest. 

I Table 9-1 Re sults for Multiple Variants 

1 M,,ltinleVar F *™* I Fold-Improvement in Property _ 
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Perhvdrolvsis 


Peracid Hvdrolvsis 


Ratio 


LI 21 S54V 


2 






L12MS54T 


1.6 


3 




L12TS54V 


1.5 


2.5 




TJ20T25S S54V 




4to5 




L53HS54V 


2 




4to5 


SS4PV125R 






4 


S54VV125G 


2 




4 


S54VF196G 






2 


S54VK97RV125G 


2 






A55G R67T K97R 
V125G 


1.6 




4to5 



EXAMPLE 10 

5 PAF and PAD Assays of Perhydrolase Variants 

In this Example, assay results for PAF and PAD testing of perhydrolase variants 
are provided. The tests were conducted as described in Example 1, above. In addition, 
Tables are provided in which the protein expression of the variant was greater than wild- 
type under the same culture conditions (described herein). These results are indicated as 

10 the "protein performance index." Thus, a number greater than "1" in the protein 

performance index indicates that more protein was made for the particular variant than 
the wild-type. In the following Tables, "WT" indicates the wild-type amino acid residue; 
"Pos" indicates the position in the amino acid sequence; "Mut " and "Var" indicate the 
amino acid residue substituted at that particular position; "prot." indicates <c protein; and 

15 "Perf. Ind" indicates the performance index. 
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Table 10-1. PAF Assay Results 




Table 10-1. PAF Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Perf. 
Ind. 




Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Perf. 
Ind* 


3 


K003Y 


Y 


1.058244 




17 


V017R 


R 


1.09735 


3 


K003I 


I 


1.053242 




17 


V017A 


A 


A1 1^ 

1.012116 


3 


K003L 


L 


1.038686 




18 


P018Y 


Y 


1.332844 


3 


K003T 


T 


1.009071 




18 


P018N 


N 


.331062 


3 


K003H 


H 


1.00528 




18 


P018C 


C 


.261104 


4 


R004O 


o 


1.025332 




18 


P018E 


E 


1.217708 


5 


I005T 


T 


1.12089 




18 


P018V 


V 


1.185736 


5 


I005S 


S 


1.023576 




18 


P018R 


R 


1.16328 


6 


L006V 


V 


1.072388 




18 


P018O 


O 


1.124133 


6 


L006I 


I 


1.066182 




18 


P018H 


H 


4 f *%i\A A*% 

1.120443 


6 


L006T 


T 


1.062078 




18 


P018G 


Q 


1 .068272 


7 


C007K 


K 


2.687956 




19 


V019G 


G 


1.317001 


7 


C007Y 


Y 


2.O8507 




19 


V019S 


S 


1.235759 


7 


C007I 


I 


1.758096 




19 


V019R 


R 


1.025471 


7 


C007H 


H 


1.731475 




19 


V019L 


L 


l. 002833 


7 


C007A 


A 


1.423943 




21 


D021K 


K 


1.062138 


7 


C007G 


G 


1.393781 




21 


D021W 


w 


1.040173 


7 


C007M 


M 


l.lZOUZo 








A 


1 554264 


10 


D010L 


L 


3.97014 




22 


G022T 


T 


1.032118 


10 


D010W 


W 


3.179778 




! 22 


G022S 


S 


1.022133 


10 


D010K 


K 


2.133852 




25 


T025G 


G 


1.857878 


10 


D010Y 


i Y 


1.508981 




25 


T025S 


S 


1.59954 


10 


D010T 


T 


1.473387 




25 


T025A 


A 


1 .327 '579 


10 


D010I 


I 


1.281927 




25 


T025I 


1 1 


1.019417 


12 


L012O 


0 


2.651732 




26 


E026M 


M 


2.002044 


12 


L012C 


c 


2.289224 




26 


E026A 


A 


1.927099 


12 


L012A 


A 


1.100171 




26 


E026R 


R 


1.484814 


15 


G015A 


A 


1.543799 




26 


E026K 


K 


1.464368 


15 


G015S 


S 


1.05273 




26 


E026T 


T 


1.441939 


17 


V017G 


G 


1.173641 




26 


E026C 


c 


1.403045 
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Table 10-1. PAF Assay Results 



Position 



WT/Pos/ 
Mutation 



26_ 



26 



26 



.26_ 



26_ 



26. 



26_ 



27 



28 



22_ 



28 



.28. 



_2L 



_2£. 



29 



-22- 



.22_ 



-22. 



29 



29 



29 



29 



30 



Variant 



30 



_30_ 



30 



30 



30 
30 
-30. 



E026V 



E026N 



E026H 



E026L 



E026G 



E026S 



E026W 



R027K 



F028M 



F028A 



F028W 



F028L 



F028S 



A029W 



A029V 



A029R 



A029Y 



A029G 



A029S 



A029T 



A029E 



A029C 



P030K 



P030R 



N 



H 



W 



K 



M. 



w 



_w_ 



V 



G 

s 



P030V 



P030T 



P030A 



P030S 
P030O 
P030H 



K 
R 



JL 



PAF 
Perf. 
Ind. 



3928811 



3664191 



3295621 



295378 



2834771 



2714031 



2517521 



2156971 



331874 



2694931 



1566981 



.08849 1 



.0460631 



■912244 



799733 



.757225 



.6975541 



.595061 



.486877 



.4245841 



.1157681 



1 .07522 



1 .207673 



1.164892 



.063047 



1 .05383 



1 .045476! 



1.031747 

1.0134681 

1.0123321 



Table 10-1. PAF Assay Results 



Position 


iVT/Pos/ , 
tlutation 


Variant 


PAF 
Perf. 
Ind. 




30 


Y\f\*> /\T"> 

P030E 


xs 


.006761 




31 


D031W . 


W 


1.834044 




31 


D03J.L 


T 

L 


1.810564 




31 


D031T 


T 


.450556 




31 


D031G 


G 


.441703 




31 


D031F 


r 


1.438268 




31 


D031N 


"KT 

N 


1.339422 




31 


D031V 


V 


1.280091 




31 


D031A 


A 


.240923 


31 


D031R 


R 


.222181 


31 


D031S 




1.1527361 


31 


D031E. 




1.1327951 


31 


D031O 


o _ 


1.0697971 


32 


V032K 


K. 


1.08606 


32 


V032R 


R 


1.0454351 


33 


R033S 


c 
a 


1.00049l| 


36 


G036I 


T 
1 


1.3201561 


30 


\J\JJ\JM\. 


K 


1.2655631 


36 


G036L 


L 


1.237473] 


38 


L038L 


L 


6.5280921 


38 


L038V 


V 


5.735873] 


38 


L038C 


C 


4.182031] 


38 


L038K 


K 


4.135067 


38 


L038A 


A 


3.844719 


38 


L038S 


S 


2.467764] 


40 


O040K 


K 


2.613726| 


40 


O040I 


I 


2.576806] 


40 


O040W 


W 


2.394926] 


40 


Q040L 


L 


2.144687] 


40 


O040T 


T . 


2.0064871 
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Table 10-1. PAF Assay Results 



Position 


Wl/lrOS/ 
viuimiun 


Variant 


PAF 
Perf. 
Ind. 


40 


O040R 




1.885154 


40 


O040Y 


Y 


1.825366 


40 


O040G 


G 


1.785768 


40 


O040S 


S 


1.565973 


40 


O040N 


N 


1.528677 


40 . 


O040D 


_D . 


1.16151 


40 


O040E 


E 


1.075259 


41 


O041K 


K 


1.381385 


41 


O041R 


R 


1.190317 


41 


O041W 


W 


1.141041 


41 


O041H 


H 


1.123719 


41 


Q041S 


S 


1.10764} 


41 


Q041Y 


Y 


1.091652 


41 


O041V 


V 


1.070265 


41 


O041A 


A 


1.032945 


41 


O041L 


L 


1.000416 


42 


L042K 


K 


2.463086 


42 


L042W 


W 


2.056507 


42 


L042H 


H 


1.917245 


42 


L042R 


R 


1.378137 


42 


L042G 


G 


1.172748 


42 


L042T 


T 


1.079826 


42 


L042F 


F 


1.072948 


43 


G043A 


A 


1.49082 


43 


G043C 


C 


1.47701 


43 


G043K 


1 K 


1.424919 


i 43 


G043M 


M 


1.371202 


43 


G043Y 


Y 


1.262703 


43 


G043E 


E 


1.250311 


43 


G043L 


L 


1.216516 
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Table 10-1. PAF Assay Results 



Position 


WT/Pos/ 
Mutation 


variant 


PAF 
Perf. 
Ind. 


A1 

43 


vjU45Iv 


u 

XV 


1.215829 


43 


/iaa^c 
viU43i5 


o 

o 


1.178103 


A1 

43 


GQ43H 


TJ 


1.169457 


A1 

1 43 




"D 


1.080176 


A A 

44 


A C\A AT* 

AU44r 


X7 

r 


2.84399 


A A 

44 


AU44V 




2,133682 


A A 

44 


A f\A AC* 

AU44U 




1.796096 


A A 

\ 44 


A t\AAX 






A A 

44 


A f\A AWT 

AU44W 


W 


1.395243 


A A 

44 


A f\AA\A 

AU44M 


JV1 


M99028 


AC 

45 


L/U45JV 


iv 


1,342858 


AC 

45 


T^AA <T 


1 


1.268367 


AC 

45 _ 


T"\A/I CD 


T> 
XV 


1.158768 


AC 

45 


r%r\A cxxt 
JJU45W 


W 


1.145157 


AC 

45 


T^AACC 

UU4555 


Q 


1.133098 


AC 

l 45 


IJU45VJ 


VT 


1.12761 


45 


T'lAAClJ 
JLIU4Drl 


XT 
IT 


1.127539 


4S 
tj 


D045F 


J. 


1.11152 


45 


D045L 


L 


1.054441 


45 


D045V 


! v 


1.050576 


45 


D045O 


0 


1.04498 


45 


D045A 


A 


1.037993 


46 


F046E 


E 


1.247552 


46 


F046D 


D 


1.174794 


46 


F046G 


G 


1.016913 


46 


F046K 


K 


1.003326 


47 


E047R 


R 


2.448525 


47 


E047T 


T 


1.960505 


47 


E047P 


P 


1.361173 


47 


E047S 


s 


1.278809 
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Table 10-1. PAF Assay Results 



1 

Position 


ITT 1 /Dao / 

W 1 /FOS/ 


Variant 


PAF 
Perf. 
Ind. 


47 


E047H 


H 


1.266229 


47 


E047G 


G 


1.197541 


47 


E047K 


K ! 


1.19183 


47 


E047F 


F 


1.092281 


47 


E047I 


I 


1.030029 


49 


J049G 


G 


1.342918 


49 


I049H 


H 


1.265204 


49 


I049S 


s 


1.238211 


49 


I049K 


K 


1.230871 


49 


I049V 


V 


1.203314 


49 


I049L 


L 


1.136805 


49 


I049Y 


Y 


1.068104 


49 


I049R 


R 


1.052285 


49 


I049E 


1 E 


1.015762 


49 


I049M 


M 


1.00526 


50 


E050L 


L 


1.191901 


50 


E050M 


M 


1.178039 


50 


E050A 


A 


1.124087 


51 


E051V 


V 


1.471315 


51 


E051A 


A 


1.279983 


51 


E051G 


G 


1.217963 


51 


E051T 


T 


1.182792 


51 


E051L 


L 


1.112889 


51 


E051I 


I 


1.072835 


53 


L053H 


H 


5.05321 


53 


L053O 


o 


1.480206 


53 


L053G 


G 


1.317357 


53 


L053S 


S 


1.161011 


53 


L053T 


T 


1.019146 


54 


S054P 


P 


5.198689 



Table 10-1. PAF Assay Results 



1 

Position 


WT/Pos/ 
Vfutation 


Variant 


PAF 
Perf. 
Ind. 


54 


S054I 


I ' 


1.775938 


54 


S054V 


V 


4.722033 


54 


S054A 


A 


5.455902 


54 


S054R 


R 


3.375793 


54 


S054L 


L 


2.015828 


54 


S054T 


-T 


.459971 


54 


S054K 


K 


1.438715 


54 


S054G 


G 


1.429605 


54 


S054C 


C 


1-259773 


54 


S054O 


o 


1.03365 


55 


A055G 


G 


1.694814 


55 


A055T 


T 


1.692885 


57 


T057S 


S 


1.633613 


57 


T057R 


R \ 


1 .605072 


57 


T057V 


V 


1.281788 


57 


T057I 


I 


1. 1 89062 


59 


N059W 


W 


.03504* 


59 




... K 


1 nfW*15 


60 


I060H 


H 


1.02415 


60 


I060R 


R 


1.003947 


61 


D061H 


H 


1.439407 


61 


D061S 


S 


1.259714 


61 


D061R 


R 


1.105425 


61 


D061I 


I 


1.076937 


61 


D061F 


F 


1.00566 


62 


D062E 


E 


1.019293 


63 


P063G 


G 


1.70965 


63 


P063T 


T 


1.49948 


63 


P063M 


M 


1.460336 


63 


P063S 


S 


1.416192 
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Table 10-1. PAF Assay Results 


Position 


Mutation 


Variant 


PAF 
Perf. 
Ind. 


63 


P063K 


K 


[.404615 


63 


P063A 


A 


.3475411 


63 


P063Y 


Y 


1.3460461 


63 


P063W 


W 


.34587 1 


63 


P063V 


V 


.313631 


63 


P063R 


R 


1.3106961 


63 


P063F 


F 


1.2462991 


63 


P063L 


L 


1.1464161 


63 


P063O 


0 


t 093179 


64 


T064G 


G 


1.234467 


64 


T064S 


S 


.1143481 


65 


D065A 


A 


1.3123121 


65 


D065S 


S 


1.166849 


65 


D065H 


H 


1.0963351 


66 


P066R 


R 


1.8462571 


66 


P066V 


V 


1.8289261 


66 


P066H 


H 


1. 58963 ll 


66 


P066I 


I 




66 


P066G 


G 


1.499901,1 


66 


P066O 


O 


1.463705 


66 


P066T 


T 


1.41009l| 


66 


P066S 


S 


1.3908451 


66 


P066Y 


Y 


1.3306851 


66 


P066L 


L 


1.137635 


66 


P066N 


N 


1 .1222611 


67 


R067N 


N 


1.58040l| 


67 


R067G 


G 


1.3901291 


67 


R067T 


T 


1.2846431 


67 


R067F 


F 


1.25763 


67 


R067L 


L 


1.203316 



Table 10-1. PAF Assay Results 1 


„ ... 1 
Position 


SVT/Pos/ , 
Mutation 


K T * 

Variant 


PAF 1 
Feir. I 

Tnd 1 


67 


R067O 


y — 


1 IwIRQQI 


67 


R067W 




L .UOOUZ5I 


67 


R067E_ 


ll 


-U*r*frO / Ol 


67 


R067P 


TJ 




68 


L068E 


H 




68 


L068W 


W 




68 


L068I 


T 

J 


1 7^8Q5a 


68 


LQ68G 






68 


L068V 


_ X 




68 


L068H 


Tt 

rl 




68 


L068T 


X 




69 


N069V 


V 


1 .VoVUZOI 


69 


N069K 


V 


1 71Q0R I 

1-/1 7UO 1 


69 


N069R 


K 


1 40^16^1 
1 .*«o 1 0 J 1 


69 


N0o91 


T 

1 


1 4^0046 1 

I T *TU77*tUj 


69 


NuoyJrl 


TT 

** 


1 ^S7Q6Rl 


69 . 




T 
1 




69 


N069L 


L 


1.2995471 


69 


N069S 


S 


1.20517l| 


69 


N069G 


G 


1.19653 1 


69 


N069O 


0 


1.0746221 


69 


N069W 


w 


1.049602] 


69 


N069C 


c 


1.048373 


71 


A071S 


s 


1.751794] 


71 


A071T 


T 


1.700442] 


71 


A071H 


H 


1.697558] 


i 71 . 


A071G 


G 


1.58881 1 


71 


A071I 


I 


1.507841] 


71 


A071E 


E 


1.445699] 


71 


A071K 


K 


1.4411461 
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Table 10-1. PAF Assay Results 



1 

Position 


rr/Pos/ 
tlutation 


Variant 


PAF 
Perf. 
Ind. 


71 


A071R 


R 


L401499 


71 


A071N 


N 


L .232241 


71 


A071L 


L 


1.231991 


71 


A071F 


F 


.127538 


1 71 


A071C 


C 


1 .00977 


72 


S072L 


L 


.257945 


1 72 


S072H 


H 


1.208899 


1 72 


S072G, 


G 


1.198192 


1 72 


S072T 


T 


1.10065 


1 72 


S072V 


V 


1.080089 


| 72 


S072Y 


Y 


1.066178 


1 73 


Y073R 


R 


1.2555 


73 


Y073O 


0 


1.23429 


I 73 


Y073S 


s 


1.165683 


1 73 


Y073K 


K 


1.070678 


1 76 


S076P 


P 


1.229172 


1 77 


C077T 


i T 


1.120603 


J 77 


LA)/ /V 


V 


i 052586 


1 77 


C077G 


G 


1.013806 


1 78 


L078G 


G 


4.975852 


1 78 


L078H 


H 


4.824004 


1 78 


L078E 


E 


3.007159 


1 78 


L078N 


. N 


2.683604 


78 


L078T 


.., T 


1.867711 


1 78 


L078Q 


o 


1.726942 


P 78 


L078V 


V 


1.534239 


1 78 


L078I 


I 


1.434206 


78 


L078Y 


Y 


1.387889 


79 


A079H 


1 H 


1.927914 


79 


A079L 


T L 


1.796126 



Table 10-1. PAF Assay Results j 


Position 


kVT/Pos/ , 
Mutation 


Variant 


PAF 
Perf. 1 
ina. I 


79 


A079I 


I 


.5924631 


[ 79 . 


A079M 


M 


.4996351 


1 79 


A079N 


H, 


.4758061 


1 79 , 


A079O 


o 


AT> A O Am 

.4724841 


79 


A079R 


R 


A sZ C C\ A1 1 

.4659431 


1 79 


A079W 


W 


1 .2705381 


1 79 


A079T 


T 


.1691461 


79 


A079E 




1.12345.71 


J 80 


T080C 


c 


.3107521 


I 80 


T080V 


V 


.2306591 


1 80 


T080G 


G 


1.160318I 


1 80 


T080A 


A 


1.0007221 


82 


L082P,. 


P 


1.4563741 


82 


L082G 


G 


1 .3794391 


82 


L082R 


R 


1.3394851 


1 82 


L082H 


H 


1 .3328441 


1 82 


L082K 


K 




I oZ 


T A8TT 


T 


1 17992 1 


1 82 


L082I 


I 


1.171013 


1 82 


L082S 


S 


1.1534171 


1 82 


L082V 


V 


1.0198541 


[83 


P083K 


K 


1.3694061 


| 83 


P083G 


G 


1.31343l| 


1 83 


P083H 


H 


1.2658761 


83 


P083R 


R 


1.1944641 


1 83 


P083S 


S 


1.1712081 


1 84 


L084K 


K 


1.0990891 


1 84 


L084H 


H 


. 1.0081871 


85 


D085O 


O 


3.093245 


1 85 


D085R 


R 


2.3796471 
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Table 10-1. PAF Assay Results 



Position 


WT/Pos/ 
viuiauoii 


Variant 


PAF 
Perf. 
Ind. 


85 


D085S 


s : 


2.284009 


85 


D085H 


H 


1.548556 


85 


D085N 


N 


1.539497 


85 


D085G 


G 


1.413812 


85 


D085T 


T 


1.329395 


85 


D085E 


E 


1.117228 


85 


D085F 


F 


1.008028 


! 86 


L086A 


A 


1.376284 


86 


L086C 


c 


.156625 


86 


L086G 


G 


1.145834 


1 95 


D095E 


E 


2.044825 


! 96 


T096S 


S 


1.044425 


97 


K097R 


R 


2.798748 


97 


K097Q 


O 


1.136975 


100 


F100W 


W 


1.082799 


100 


F100E 


E 


1.0116 


101 


R101K 


K 


1.244945 


103 


T103W 


W 


1.261503 


103 


T103Y 


Y 


1.193299 


103 


T103G 


G 


1.113343 


103 


T103K 


K 


1.093573 


103 


T103I 


I 


1.076338 


103 


T103L 


L 


1.050734 


104 


P104H 


H 


2.837034 


104 


P104T 


T 


2.696977 


104 


P104G 


G 


2.672719 


104 


PI 04V 


V 


2.585315 


104 


P104S 


S 


2.481687 


104 


P104I 


I 


2.431309 


104 


P104W 


w 


2.051785 
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Table 10-1. PAF Assay Results 



1 

Position 


iVT/Pnc/ 

Vfutation 


Variant 


PAF 
Perf. 
Ind. 


104 


P104C 


C 


1.951282 


104 


P104E 


E 


1.837373 


104 


P104F 


F 


1.785718 


104 


P104N 


N 


1.624722 


104 


P104R 


R 


1.618032 


104 


P104O 


o 


1.343174 


104 


P104M 


M 


1.093185 


105 


L105P 


P 


1.71321? 


105 


L105C 


C 


1.557999 


105 


L105F 


F 


1.295759 


! 105 


L105W 


W 


1.283998 


105 


L105G 


G ! 


1.078743 


106 


D106K 


K 


1.278457 


106 


D106L 


L 


1.198148 


106 


D106G 


G 


1.178297 


106 


D106H 


! H 


1.090134 


106 


D106E 


E 


1.084931 


106 


D106T 


T 


1.061622 


106 


D106I 


I 


1.036191 


106 


D106F 


F 


1.021513 


106 


D106C 


C 


1.005553 


107 


I107E 


E 


2.551108 


107 


I107S 


S 


2.044692 


107 


I107N 


N 


1.810584 


107 


I107G 


G 


1.764761 


107 


11 07V 


V 


1.001703 


108 


A108L 


L 


1.407382 


108 


A108T 


T 


1.050964 


109 


L109N 


N 


1.523277 


109 


L109W 


W 


1.296964 
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Table 10-1. PAF Assay Results 



1 

Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Perf. 
Ind. 


109 


L109O 


0 


.182653 


109 


L109Y 


Y 


.155328 


109 


L109I 


I 


1.053129 


109 


L109D 


D 


1.003394 


111 


Mil IK 


K 


1.977248 


111 


Mini 


.1 - 


L949343 


111 


M111L 


L 


1.546317 


111 


Mil IT 


T 


1.489808 


111 


Mil IF 


F 


1.467344 


111 


Mil IV 


V 


1.466478 


111 


M111Y 


Y 


1.42589 


111 


M111S 


S 


1.031939 


112 


S112L 


L 


1.027928 


112 


S112H 


H 


1.001485 


113 


V113L 


L 


1.503622 


113 


V113H 


H 


1.339003 


113 


V113K 


K 


1. 1 92607 


113 


V113R 


K 


1 1^7*51 
l . ljj / Ji 


113 


V113Y 


Y 


1.113256 


113 


V113F 


F 


1.045057 


113 


V1130 


0 


1.032496 


115 


V115W 


w 


1.234 


115 


V115T 


T 


1.145757 


115 


V115L 


L 


1.117398 


115 


V115G 


G 


1.089596 


115 


VI 151 


I 


1.050387 


115 


V115Y 


Y 


1.032052 


116 


T116G 


G 


1.095496 


116 


T116A 


A 


1.006702 


117 


OH7H 


H 


2.327857 



Table 10-1. PAF Assay Results 



1 

fosmon 


WT/Pos/ 
Mutation 


▼ aiiaiii 


T>A17 
JTAJf 

Perf. 

Ind. 


117 


OH7T 


t : 


>,.233854 


117 


OH7Y 


y ; 


>..227983 


117 


OH7W 


w 


2.155359 


117 


f>1 17V 


v 


2 154646 


117 


Ol 170 


G 


2 080223 


117 
11/ 


01 17A 

V_/ 11/ -tV 


A 


2,048752 


117 
11/ 


01 17S 


s 


1.949232 


117 

11/ 


01 17F 


F 


1 573776 


117 
11/ 


Ol 17R 


P 


1 564466 


117 

ill 


HI 17M 

Ul 1 /1VX. 


M 


1.541944 


117 
11/ 


H117F 




1.145341 


11ft 

1 16 


V1 18Y 


Y 


1 25067 


11ft 

1 lo 


V1 18K 


K 


1.125917 


11ft 

no 


VI 18G 

V 1 1 OvJ 


G 


1.083422 


170 


T120S 


s 


1.089798 


171 


S121L 


L 


1.348931 


171 


S121W 


W 


1.333741 


121 


S121R 


R 


1.25879 


121 


S121K 


I K 


1.241105 


121 


S121G 


G 


1.204547 


121 


S121C 


C 


1.177769 


121 


S121N 


N 


1.143954 


121 


S121T 


T 


1.132507 


121 


S121A 


A 


1.120633 


121 


S121V 


V 


1.120454 


.122 


A122H 


H 


1.137861 


122 


A122I 


I 


1.13360 


122 


A122T 


T 


1.08313 


122 


A122K 


K 


1.082552 


122 


A122V 


V 


.1.041449 
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Table 10-1. PAF Assay Results 



Position 


WT/Pos/ 

1 |f j d* , mm 

Mutation 


Variant 


PAF 
Perf. 
Ind. 


122 


A122S 


S 


1.031411 


124 


G124L 


L 


1.91642 


1 124 


G124I 


I 


1.853337 


124 


G124T 


T 


1.63716 


124 


G124H 


H 


.588068 


124 


G124V 


V 


1.441979 


124 


G124F 


F 


.320782 


124 


G124S 


S 


1.269245 


124 


G124Y 


Y 


1.234423 


124 


G124R 


R 


.144212 


124 


G1240 


o 


1.123498 


125 


V125G 


G 


2.948291 


125 


V125S 


S 


1.942881 


125 


V125A 


A 


1.689696 


125 


V125P 


P 


1.50166 


125 


V125R 


R 


1.301534 


125 


V125D 


D 


1.238852 


125 


V125Y 


Y 


1.080394 


125 


V125I 


I 


1.010779 


126 


G126T 


T 


1.577938 


126 


G126P 


P 


1.171092 


126 


G126L 


L 


1.169527 


127 


T127H 


H 


1.57251 


127 


T127V 


v 


1.073821 


127 


T127I 


I 


1.063668 


127 


T127S 


s 


1.046984 


128 


T128L 


1 L 


1.064623 


128 


T128K 


K 


1.062947 


148 


P148V 


V 


2.426937 


148 


P148K 


K 


1.786508 



Table 10-1. PAF Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Perf. 
Ind. 


148 1 


P148L 


L 


1.638438 


148 


P148A 


A 


1.637334 


148 


P148R 


R 




148 


P148T 


T 


1.501359 


148 


P148Y 


Y 


1.459512 


148 


P148S 


S 


1.45564 


148 


P148E 


E 


1.417449 


148 


P148F 


F 




148 


P1480 


o 


1.334517 


148 


P148D 


D 


1.030185 


150 


F150L 


L 


1.290835 


150 


F150E 


E 


1.228159 


153 


I153K 


K 


1.618543 


153 


I153H 


Tf 

H 


1.464262 


153 


I153T 


T 


1.271928 


! 153 


i I153L 


L 


1.270149 


1 *Z1 

! 1 D3 


T1 SIT? 


V 

J? 


1.227821 


153 


11 53 A 


A 


1.194659 


154 


F154Y 


Y 


1.323693 


196 


F196H 


H 


1.774774 


196 


F196L 


L 


1.768072 


196 


F196C 


C 


1.738263 


196 


F196M 


M 


1.647608 


196 


F196G 


G 


1.590716 


196 


F196S 


S 


1.577837 


196 


F196Y 


Y 


1.414589 


196 


F196V 


V 


1.395387 


196 


F196I 


I 


1.320955 


196 


F196W 


W 


1.014435 
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The following Table provides variants with PAF results that were better than 
those observed for wild-type M. smegmatis perhydrolase. In this Table, the middle 
column indicates the amino acid residue in the wild-type perhydrolase (WT), followed by 
the position number and the variant amino acid in that position (V ar). 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 



Pos 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 





formation 




f! nrm aHnn 

A UlllUt IIUU 


W 1/JrOSJ 


relative to 


WT/Pnc / 

▼T l/IU9i( 


relative to 


var— 


TT 1 


Pnc Var 


WT -- 


9 AAH9W 
Z AUUZ W 


1 75 


8F008G 


1.09 


Z /VUUZJL/ 




8F008H 


1.02 


9 AOft9F 


1 24 


10D010L 


3.97 


9 AHA9T 
Z /YVUZl 


1 1R 

itiO 


10D010W 


3.18 


9 A 0090 
Z /Wl/ZVJ 


1 15 


10D010K 


2.13 


9 A009S 

Z .rWV/ZO 


1 01 

X • v X 


10D010Y 


1.51 


3K003Y 


1.06 


10D010T 


1.47 


3K003I 


1.05 


10D010I 


1.28 


3K003L 


1.04 


12L012Q 


2.65 


3K003T 


1.01 


12L012C 


2.29 


3K003H 


1.01 


12L012A 


1.10 


4R004Q 


1.03 


15G015A 


1.54 


5I005T 


1.12 


15G015S 


1.05 


5I005S 


1.02 


17V017G 


1.17 


6L006V 


1.07 


17V017R 


1.10 


6L006I 


1.07 


17V017A 


1.01 


6L006T 


1.06 


18P018Y 


1.33 


7C007K 


2.69 


18P018N 


1.33 


7C007Y 


2.09 


18P018C 


1.26 


7C007I 


1.76 


18P018E 


1.22 


7C007H 


1.73 


18P018V 


1.19 


7C007A 


1.42 


18P018R 


1.16 


7C007G 


1.39 


18P018Q 


1.12 


7C007M 


1.13 


18P018H 


1.12 


8F008R 


1.43 


18P018G 


1.07 


8F008V 


1.18 


19V019G 


1.32 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 





formation 


WT/Pos./ 


reiauve 10 


s Var 


wrv 


1 GA/Yil OQ 

iy vuiy>> 


1 24 


19V019R 


LAJD 


19V019L» 


1 on 


20E020W 


9 QA 


20E020Cj 




OA TJAOA'T? 

20E0201 




• - <"iA T?AOAT 


9 90 


20E020H 


9 17 
Z.I / 


OA T? AO AT 7 


9 11 


oa tTaoac 


9 ni 


O A T7 AOAP 

20 E020U 


1 ^7 

I.J / 


OA T?AO AXT 

20E020IN 


1 AO 


OA T? AO A A 

20E020A 


1 90 


OA EAOA/™\ 

20EU2UV; 


1 97 


0 1 T\AO 1 V 

21 DU21JV 


1 


O 1 T\AO 1 YX7 

21 D021W 


1 


0 1 T\AO 1 T 

21LMJZ1JL 


1 Af\ 


O 1 T"\ AO 1 A 

21 D021A 


1 Afk 


O 1 T"N AO "1 

21 D021G 


1 **7 
l.J / 


21D021Y 


1.30 


21D021F 


1.30 


21D021S 


1.24 


22G022A 


1.55 


22G022T 


1.03 


22G022S 


1.02 


25T025G 


1.86 


25T025S 


1.60 


25T025A 


1.33 


25T025I 


1.02 


26E026M 


2.00 


26E026A 


1.93 


26E026R 


1.48 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 





ivl aVUi 




formation 




relative to 


Var 


WT 


26E026K 


1.46 


26E026T 


1.44 


26E026C 


1.40 


26E026V 


1.39 


26E026N 


1.37 


26E026H 


1.33 


26E026L 


1.30 


26E026G 


.1.28 


26E026S 


1.27 




1.25 


27R027K 

A* / AW** / XW 


1.22 


28F028M 


1.33 


28F028A 


1.27 


28F028W 


1.16 


28F028L 


1.09 


28F028S 


1.05 


29A029W 


1.91 


29A029V 


1.80 


29A029R 


1.76 


29A029Y 


1.70 


29A029G 


1.60 


29A029S 


1.49 


29A029T 


1.42 


29A029E 


1.12 


29A029C 


1.08 


30P030K 


1.21 


30P030R 


1.16 


30P030V 


1.06 


30P030T 


1.05 


30P030A 


1.05 


30P030S 


1.03 


30P030Q 


1.01 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 
WT/Pos./ relative to 
Pos Var WT 



3U JrU3url 


1 01 

x t v/ x 




1 01 

X »V/ J. 


3 1 D\)j 1 W 


1 83 


i 1 F\ni i t 


1 81 

X • V? X 


3 1 DU3 1 I 


1 45 


3 1 DU3 1 KJ 


1 44 

X • 1 1 


11 nnaii? *~ 


1 44 

X • 1 1 


31 LHJ31IN 


1 34 


11 T^nii V 
3 1 JDU3 1 V 


1 28 


ii r>Ail A 
31 L/U31A 


1 24 


1 1 T"\A1 1 T> 

31 UU31K 


1 22 


1 1 Tini i c 
3 1 UU3 1 o 


1 15 

X • X */ 


1 1 r>ni i *p 
3 1 UUj iJCf 


1 13 

X • X •/ 


1 1 Tini 1 o 
31 UU31^ 


1 07 

X • v # 


3Z V U-5Z.lv 


1.09 


11 x/ni^p 
3Z VU3Z1V 


1 05 


33R033S 


1.00 


36G036I 


1.32 


36G036K 


1.27 


36G036L 


1.24 


37V037S 


1.40 


37V037I 


1.26 


37V037A 


1.25 


37V037H 


1.21 


37V037L 


1.16 


37V037C 


1.09 


37V037T 


1.05 


39A039L 


1.43 


39A039K 


1.36 


39A039Y 


1.36 


39A039I 


1.26 


39A039T 


1.26 



PCT/US2004/040438 

® 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 
WT/Pos./ relative to 
Pos Var WT 



39A039W 1.23 

39A039V 1-21 

39A039G 1.17 

39A039R 1-17 

39A039E 1.09 

40Q040K 2.61 

40Q040I 2.58 

40Q040W 2.39 

40Q040L 2.14 

40Q040T 2.01 

40Q040R 189 

40Q040Y 183 

40Q040G 1.79 

40Q040S 157 

40Q040N 153 

40Q040D 1.16 

40Q040E 1-08 

41 Q041K 1-38 

41Q041R 1.19 

41Q041W 1.14 

41 Q041H 1.12 

41Q041S l.H 

41Q041Y 1.09 

41Q041V 1-07 
41Q041A 1.03 
41Q041L LOO 

42L042K 2.46 
42L042W 2.06 
42L042H 1.92 
42L042R 138 
42L042G 1-17 
42L042T 1.08 



S 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 

WT/Pos./ relative to 

Pos Var WT 

42L042F 107 

43G043A 1.49 

43G043C 1.48 

43G043K 1-42 

43G043M 1.37 

43G043Y 1.26 

43G043E 1.25 

43G043L 1-22 

43G043R 122 

43G043S 1.18 

43G043H 1.17 

43G043P 108 

44A044F 2.84 

44A044V 2.13 

44A044C 1.80 

44A044L 1.61 

44A044W 1.40 

44A044M 120 

45D045K 1-34 

45D045T 1.27 

45D045R 116 

45D045W 1-15 

45D045S 113 

45D045G 113 

45D045H 113 

45D045F l.H 

45D045L 1.05 

45D045V 1.05 

45D045Q 1.04 

45D045A 1-04 

46F046E 1.25 

46F046D 1.17 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 

WT/Pos J relative to 

Pos Var WT 

46F046G 1.02 

46F046K 1.00 

47E047R 2.45 

47E047T 1.96 

47E047P 1.36 

47E047S 1.28 

47E047H 1-27 

47E047G 1.20 

47E047K 1.19 

47E047F 1.09 

47E047I 1.03 

49I049G 1-34 

49I049H 1.27 

49I049S 1.24 

49I049K 1-23 

49I049V 1.20 

49I049L 1.14 

49I049Y 1.07 

49I049R 105 

49I049E 1.02 

49I049M 1.01 

50E05OL 1-19 

50E050M 1.18 

50E050A 1.12 

51E051V 1-47 

51E051A 1.28 

51E051G 1-22 

51E051T 1.18 

51E051L 1-11 

51E051I 1-07 

53L053H 5.05 

53L053Q 1-48 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 





formation 


WT/PosJ 


relative to 


Var 


WT 


53L053G 


1 lO 

1.32 


53L053S 


1.16 


53L053T 


1.02 


54S054P 


5.20 


54S054I 


4.78 


54S054V 


4.72 


54S054A 


3.46 


54S054R 


3.38 


54S054L 


2.02 


54S054T 


1.46 


54S054K 


1.44 


54S054G 


•t A*> 

1.43 


54S054C 


1.26 


54S054Q 


1.03 


55A055G 


1.69 


55A055T 


1.69 


57T057S 


1.63 


57T057R 


1.61 


57T057V 


1.28 


57T057I 


1.19 


59N059W 


1.13 


59N059R 


1.09 


59N059T 


1.07 


59N059S 


1.06 


59N059Q 


1.02 


60I060H 


1.02 


60I060R 


1.00 


61D061H 


1.44 


61D061S 


1.26 


61D061R 


1.11 


61D061I 


1.08 


61D061F 


1.01 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WT/Pos./ 


relative to 


i var 


W 1 


62D062E 


1 AO 

l.UZ 


63 P063G 


1.71 


63 P063T 


1 ca 

1.50 


63 P063M 


1.40 


63 P063S 




63 P063K 


1.4U 


63 P063 A 


1.3D 


63 P063 Y 


1 1 c 
1.35 


63 P063 W 


1.35 


63 P063 V 


1*31 


o3 PU03K 


1 ^1 
I. j I 


63 P063F 


1.25 


63 P063L 


i ie 

1.15 


63 P063Q 


i An 

i.uy 


64T064G 




64T064S 


111 
1.1 1 


65 JLHJo5 A 


1 11 


65 D065S 


1.17 


65D065H 


1.10 


66P066R 


1.85 


66P066V 


1.83 


66P066H 


1.59 


66P066I 


1.59 


66 P066G 


1.50 


66P066Q 


1.46 


66P066T 


1.41 


66P066S 


1.39 


66P066Y 


1.33 


66P066L 


1.14 


66P066N 


1.12 


67R067N 


1.58 


67R067G 


1.39 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WT/PosJ 


relative to 


Var 


WT 




67R067T 




1.28 


67R067F 




1.26 


67R067L 




1.20 


67R067Q 




1.16 


67R067W 




1.07 


67R067E 




1.04 


67R067P 




1.01 


68L068E 




1.44 


68L068W 




1.21 


68L068I 




1.13 


68L068G 




1.09 


68L068V 




1.09 


68L068H 




1.05 


68L068T 




1.03 


69N069V 




1.99 


69N069K 




1.72 


69N069R 




1.49 


69N069I 




1.47 


69N069H 




1.36 


69N069T 




1.35 


69N069L 




1.30 


69N069S 




1.21 


69N069G 




1.20 


69N069Q 




1.07 


69N069W 




1.05 


69N069C 




1.05 


71A071S 




1.75 


71 A071T 




1.70 


71A071H 




1.70 


71A071G 




1.59 


71A071I 




1.51 


71A071E 




1.45 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WTfPosJ 


relative to 


Var 


WT 




71 A071K 




1 A A 

1.44 


71A071R 




1 Af\ 

1.4U 


71 A071N 




1 oi 
1*23 


71A071L 




1 o^ 
1.23 


71A071F 




1.13 


71 A071C 




1 ai 
1.U1 


72S072L 




1 OA 
i.ZO 


72S072H 




1 01 
1.Z1 


mm m± nAnA^I 

72 S072G 




i oa 
1.21) 


72S072T 




1 1 A 

i.iU 


Mmm+Mmmm. m~*» mf%> *-W mf 

72S072V 




1 AO 


72S072Y 




1 AT 
l.U/ 


— n w r f*L mm m± Tr^v 

73Y073R 




l.ZO 


73Y073Q 




1 O** 
1.Z3 


73Y073S 




l.i / 


mm Am -w w- a\ mm /m. f f 

73 Y073K 




1 AO 
l.U/ 


mm A Y r\.mm A g-\ 

74L074S 




o oo 

2.72 


74L074G 




1.95 


74L074W 




1.38 


75P075R 




1.60 


75P075S 




1.39 


" 75P075T 




1.28 


75P075Q 




1.21 


75P075G 




1.16 


75P075H 




1.05 


75P075W 




1.04 


76S076P 




1.23 


77C077T 




1.12 


77C077V 




1.05 


77C077G 




1.01 


78L078G 




4.98 


78L078H 




4.82 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 



Pos 





formation 


WT/PosJ 


relative to 


Var 


WT 


78L078E 


3.01 


78L078N 


2.68 


78L078T 


1.87 


78L078Q 


1.73 


78L078V 


1.53 


78L078I 


1.43 


78L078Y 


1.39 


79A079H 


1.93 


79A079L 


1.80 


79A079I 


1.59 


79A079M 


1.50 


79A079N 


1.48 


79A079Q 


1.47 


79A079R 


1.47 


79A079W 


1.27 


79A079T 


1.17 


79A079E 


1.12 


80T080C 


1.31 


80T080V 


1.23 


80T080G 


1.16 


80T080A 


1.00 


81H081K 


1.52 


81H081L 


1.23 


81H081N 


1.17 


81H081G 


1.17 


81H081A 


1.15 


81H081C 


1.13 


81H081W 


1.13 


81H081V 


1.10 


81H081F 


1.10 


81H081S 


1.04 


82L082P 


1.46 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 

WT/Pos./ relative to 

Pos Var WT 

82L082G 1-38 

82L082R 1.34 

82L082H 1-33 

82L082K 1-19 

82L082T 1.18 

82L082I 1.17 

82L082S 115 

82L082V 1.02 

83P083K 1-37 

83P083G 1-31 

83P083H 1-27 

83P083R 1-19 

83P083S 1-17 

84L084K 1.10 

84L084H 101 

85D085Q 3.09 

85D085R 2.38 

85D085S 2.28 

85D085H 1.55 

85D085N . 1-54 

85D085G 141 

85D085T 1-33 

85D085E 1-12 

85D085F 1-01 

86L086A 1-38 

86L086C 1-16 

86L086G 1.15 

88I088H 1-20 

88I088T 103 

88I088G 101 

90M090T 1.27 

90M090I . 1-13 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 





formation 


WT/Pos./ 


relative to 


Var 


WT 


90M090V 


1.08 


90M090S 


1.06 


90M090L 


1.02 


91L091G 


1.21 


91L091T 


1.06 


92G092V 


1.49 


92G092S 


1.26 


93T093Y 


5.26 


93T093F 


3.52 


93T093A 


1.38 


93T093C 


1.08 


95D095E 


2.04 


96T096S 


1.04 


97K097R 


2.80 


97K097Q 


1.14 


98A098L 


2.22 


98A098H 


2.09 


98A098I 


2.05 


98A098Y 


2.02 


98A098S 


1.73 


98A098T 


1.72 


98A098G 


1.57 


98A098C 


1.30 


98A098N 


1.24 


98A098D 


1.11 


98A098P 


1.10 


100F100W 


1.08 


100F100E 


1.01 


101R101K 


1.24 


103T103W 


1.26 


103T103Y 


1.19 


103T103G 


1.11 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 





Peracid 




formation 


WT/Pos./ 


relative to 


Var 


WT 


103T103K 


1.09 


103T103I 


1.08 


103T103L 


1.05 


104P104H 


2.84 


104P104T 


2.70 


104P104G 


2.67 


104P104V 


2.59 


104P104S 


2.48 


104P104I 


2.43 


104P104W 


2.05 


104P104C 


1.95 


104P104E 


1.84 


104P104F 


1.79 


104P104N 


1.62 


104P104R 


1.62 


104P104Q 


1.34 


104P104M 


1.09 


105L105P 


1.71 


105L105C 


1.56 


105L105F 


1.30 


105L105W 


1.28 


105L105G 


1.08 


106D106K 


1.28 


106D106L 


1.20 


106D106G 


1.18 


106D106H 


1.09 


106D106E 


1.08 


106D106T 


1.06 


106D1061 


1.04 


106D106F 


1.02 


106D106C 


1.01 


107I107E 


2.55 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 





formation 


WT/PosJ 


relative to 


Var 


WT 


107I107S 


2.04 


107I107N 


1.81 


107I107G 


1.76 


107I107V 


1.00 


108A108L 


1.41 


108A108T 


1.05 


109L109N 


1.52 


109L109W 


1.30 


109L109Q 


1.18 


109L109Y 


1.16 


109L109I 


1.05 


109L109D 


1.00 


111M111K 


1.98 


111M111I 


1.95 


1UM111L 


1.55 


111M111T 


1.49 


111M111F 


1.47 


111M111V 


1.47 


111M111Y 


1.43 


111M111S 


1.03 


112S112L 


1.03 


112SU2H 


1.00 


113VU3L 


1.50 


113V113H 


1.34 


113V113K 


1.19 


113V113R 


1.13 


113V113Y 


1.11 


113V113F 


1.05 


113V113Q 


1.03 


115V115W 


1.23 


115V115T 


1.15 


115V115L 


1.12 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 





formation 


WT/Pos./ 


relative to 


Var 


WT 


115V115G 


1.09 


115 VI 151 


1.05 


115V115Y 


1.03 


116T116G 


1.10 


116T116A 


1.01 


117Q117H 


2.33 


117Q117T 


2.23 


117Q117Y 


2.23 


117Q117W 


2.16 


117Q117V 


2.15 


U7Q117G 


2.08 


117Q117A 


2.05 


117Q117S 


1.95 


U7Q117F 


1.57 


117Q117R 


1.56 


117Q117M 


1.54 


117Q117E 


1.15 


118V118Y 


1.25 


118V118K 


1.13 


118V118G 


1.08 


120T120S 


1.09 


121S121L 


1.35 


121S121W 


1.33 


121S121R 


1.26 


121S121K 


1.24 


121S121G 


1.20 


121S121C 


1.18 


121S121N 


1.14 


121S121T 


1.13 


121S121A 


1.12 


121S121V 


1.12 


122A122H 


1.14 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 





formation 


WT/Posy 


relative to 


Var 


WT 


122A122I 


1.13 


122A122T 


1.0S 


122A122K 


1.08 


122A122V 


1.04 


122A122S 


1.03 


123G123D 


1.73 


123G123V 


1.40 


123 G123P 


1.32 


123G123E 


1.13 


123G123T 


1.06 


123 G123H 


1.00 


124G124L 


1.92 


124G124I 


1.85 


124G124T 


1.64 


124G124H 


1.59 


124G124V 


1.44 


124G124F 


1.32 


124G124S 


1.27 


124G124Y 


1.23 


124G124R 


1.14 


124G124Q 


1.12 


125V125G 


2.95 


125V125S 


1.94 


125V125A 


1.69 


125V125P 


1.50 


125V125R 


1.30 


125V125D 


1.24 


125V125Y 


1.08 


125V125I 


1.01 


126G126T 


.1.58 


126G126P 


1.17 


126G126L 


1.17 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 





formation 


WT/Pos./ 


relative to 


Var 


WT 


127T127H 


1.57 


127T127V 


1.07 


127T127I 


1.06 


127T127S 


1.05 


128T128L 


1.06 


128T128K 


1.06 


130P130T 


1.19 


130P130H 


1.17 


130P130K 


1.16 


130P130G 


1.16 


130P130S 


1.16 


130P130V 


1.15 


130P130W 


1.15 


130P130I 


1.12 


130P130L 


1.12 


130P130R 


1.11 


130P130F 


1.08 


130P130E 


1.00 


131A131L 


1.83 


131A131R 


1.76 


131A131H 


1.72 


131A131G 


1.66 


131A131W 


1.61 


131A131V 


1.59 


131A131P 


1.52 


131A131Y 


1.50 


131A131S 


1.48 


131A131E 


1.36 


131A131D 


1.31 


131A131Q 


1.29 


132P132Y 


1.57 


132P132S 


1.13 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 

WT/Pos./ relative to 

Pos Var WT 

133K133Y 1.12 

133K133L 1.05 

133K133H 1.02 

134V134G 1.71 

134V134T 1.25 

134V134N 1.18 

134V134S 1.16 

134V134L 1.13 

134V134I 1.12 

136V136T 1.13 

137V137M 1.22 

137V137L 1.09 

137V137T 1.08 

137V137A 1.07 

137V137G 1.02 

138S138I 1.15 

138S138G 1.05 

140P140A 1190 

140P140T 174 

140P140S 1.31 

141P141L 2.32 

141P141I 2.29 

141P141H 2.07 

141P141V 1.96 

141P141T 1.84 

141P141S 1.70 

141P141R 1.65 

141P141G 1.64 

141P141Q 1.39 

141 P141N 1.32 

141P141A 1.10 

142L142W 2.41 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 

WT/Pos./ relative to 

Pos Var WT 

142L142K 1.60 

142L142F 1.05 

143A143K 3.16 

143A143H 2.90 

143A143L 2.51 

143A143V 2.45 

143A143W 2.27 

143A143T 2.18 

143A143R 2.15 

143A143S 1.77 

143A143Q 1.74 

143A143F 1.56 

143A143P 1.53 

143A143G 1.48 

143A143D 1.45 

143A143E 1.43 

143A143C 1.39 

143A143N 1.30 

144P144Y 2.34 

144P144K 2.09 

144P144H 1.94 

144P144F 1.82 

144P144R 1.76 

144P144S 1.69 

144P144T 1.46 

144P144G 1.45 

144P144D 1.45 

144P144N 1.44 

144P144L 1.43 

144P144Q 1.37 

144P144M 1.24 

144P144A 1.09 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 





formation 


WT/Posy 


relative to 


Var 


WT 


145M145L 


1.72 


145M145F 


1.49 


145M145R 


1.15 


145M145W 


1.15 


145M145C 


1.02 


145M145T 


1.01 


147H147A 


1.28 


147H147S 


1.26 


147H147T 


1.20 


147H147P 


1.12 


147H147E 


1.11 


148P148V 


2.43 


148P148K 


1.79 


148P148L 


1.64 


148P148A 


1.64 


148P148R 


1.51 


148P148T 


1.50 


148P148Y 


1.46 


148P148S 


4 A ST 

1.46 


148P148E 


1.42 


148P148F 


1.37 


148P148Q 


1.33 


148P148D 


1.03 


150F150L 


1.29 


150F150E 


1.23 


151Q151D 


1.47 


151Q151R 


1.36 


151Q151P 


1.35 


151Q151A 


1.29 


151Q151T 


1.24 


151Q151M 


1.24 


151Q151E 


1.14 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



ww im #w% # 

WT/Pos./ 


relative to 


Var 


W 1 




151Q151K 




i.U/ 


151Q151H 




1 AA 


151Q151S 




1 a< 


151Q151C 




1 AC 


4^4 W -t 4 X T 

151Q151Y 




1 A1 


152 LI 52V 




1 

l.zz 


152L152K 




l.Zl 


152L152R 




1 OA 
l.ZU 


152L152W 




1 1 B 
1.15 


152L152T 




1.1Z 


152L152S 




1 10 
1.1Z 


152L152Y 




1 AO 

l.uy 


152L152H 




1 AO 


152L152G 




1 AC 
l.Uo 


4 m x 4 tr r\ 

152L152E 




1 AS 
l.Uo 


152L152Q 




1 A7 


152L152D 




1 A*7 
l.U/ 


152 LI 521 




1.04 


152L152C 




1.00 


153I153K 




1.62 


153I153H 




1.46 


153I153T 




1.27 


153I153L 




1.27 


153I153F 




1.23 


153I153A 




1.19 


154F154Y 




1.32 


155E155T 




1.49 


155E155R 




1.47 


155E155L 




1.31 


155E155Y 




1.27 


155E155K 




1.23 


155E155G 




1.17 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WT/PosV 


relative to 


Var 


WT 




155E155S 




1.08 


155E155D 




1.08 


155E155F 




1.07 


156G156P 




1.44 


156G156T 




1.15 


156G156K 




1.10 


156G156M 




1.09 


156G156C 




1.07 


156G156N 




1.07 


156G156R 




1.05 


156G156H 




1.04 


156G156S 




1.02 


157G157T 




1.74 


157G157R 




1.51 


157G157S 




1.30 


157G157K 




1.28 


157G157F 




1.27 


157 Gl 57V 




1.23 


157G157H 




1.14 


157G157I 




1.11 


158E158H 




2.40 


158E158K 




2.08 


158E158F 




2.06 


158E158R 




1.99 


158E158Y 




1.77 


158E158W 




1.77 


158E158L 




1.59 


158E158S 




1.57 


158E158V 




1.52 


158E158Q 




1.49 


158E158C 




1.46 


158E158A 




1.45 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WT/PosV relative to 



Pos Var WT 


158E158T 


1 AC 

1.45 


158E158P 


1.41 


158E158N 


1.41 


158E158M 


1.39 


158E158I 


1.38 


158E158D 




159Q159R 


1.15 


159Q159C 


1.13 


159Q159S 


1 1 A 

1.10 


159Q159D 


1.09 


159Q159A 


1 AO 

1.08 


159Q159M 


1.07 


159Q159P 


1.06 


159Q159L 


1.02 


161T161R 


3.61 


161T161Y 


2.40 


161T161H 


1.82 


161T161W 


1.41 


161T161I 


1.40 


161T161V 


1.27 


161T161L 


1.25 


161T161Q 


1.04 


162T162K 


1.22 


162T162R 


1.17 


162T162W 


1.15 


162T162Y 


1.03 


162T162H 


1.02 


163E163L 


1.50 


163E163Y 


1.41 


163E163H 


1.32 


163E163G 


1.25 


163E163W 


1.21 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 

WT/Pos J relative to 

Pos Var WT 

163E163V 1.13 

163E163R 1.12 

163E163S 1.12 

163E163A 1.11 

163E163C 1.11 

163E163F 1.07 

165A165R 1.70 

165A165K 1.35 

165A165F 1.23 

165A165Q 1.21 

165A165V 1.21 

165A165Y 1.20 

165A165T 1.18 

165A165I 1.17 

165A165P 1.14 

165A165L 1.08 

165A165G 1.05 

16SA165N 1.01 

165A165S 1.00 

166R166Y 1.29 

166R166L 1.27 

166R166I 1.26 

166R166W 1.25 

166R166H 1.20 

166R166T 1.19 

166R166V 1.17 

166R166K 1.17 

166R166S 1.16 

166R166G 1.15 

167V167T 1.13 

167V167I 1.08 

167V167Y 1.07 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 

WT/Pos./ relative to 

Pos Var WT 

167V167H 1.03 

168Y168G 1.89 

168Y168T 1.51 

168Y168V 1.19 

169S169Y 1.26 

169S169R 1.24 

169S169K 1.21 

169S169I 1.16 

169S169T 1.15 

169S169L 1.08 

169S169C 1.03 

169S169Q 1.02 

170A170K 1.71 

170A170G 1.59 

170 Al 701 1.59 

170A170S 1.47 

170A170F 1.44 

170A170T 1.40 

170A170E 1.28 

170A170D 1.27 

170A170N 1.21 

170A170V 1.20 

170A170C 1.15 

170A170Q 1.15 

170A170L 1.05 

170A170W 1.04 

170A170M 1.03 

171L171K 2.05 

171L171H 1.67 

171L171T 1.54 

171L171I 1.53 

171L171S 1.43 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WT/Posy 


relative to 


Var 


WT 




171L171F 




1.30 


171L171G 




1.26 


171L171Y 




1.20 


171 L171V 




1.02 


172A172I 




1.70 


172A172S 




1.59 


172A172W 




1.43 


172A172G 




1 A 1 

1.41 


172 Al 72V 




1.40 


172A172T 




1.25 


172A172L 




1 OA 

1.20 


172A172C 




1 OA 

1.20 


173S173Y 




1 1 A 

1.19 


173S173K 




1.17 


173S173W 




1.10 


173S173L 




tic 

1.15 


173 S173R 




1 AA 

1.09 


173S173H 




1.07 


173S173T 




1.06 


174F174G 




1.60 


174F174P 




1.54 


174F174Q 




1.42 


174F174C 




1.32 


174F174S 




1.16 


174F174L 




1.05 


175M175T 




2.21 


175M175G 




2.04 


175M175V 




1.93 


175M175L 




1.61 


175M175Q 




1.56 


175M175R 




1.55 


175M175N 




1.39 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WYfPosJ 


relative to 


Var 


W 1 




1 75 Ml 75 W 




1 *>s 

1 .ZD 


176K176W 




1 10 


176K176T 




1.U4 


176K176Y 




1.U4 


176K176V 




1 CiA 


176K176G 




1 A1 


178P178L 




1 

l.oZ 


178P178Y 




1 .Jo 


4) T A TX 4 WAT/ 

178P178K 




1 34 
1.34 


178P178W 




1.14 


178P178G 




1 AO 


4 T A t-l « MAT' 

179F179L 




1.1D 


179F179Y 




1 OS 


1 OA T71 OAT 

180F180L 




1 ^A 
1 .jU 


t r»/\ 4 ftAT 

180F180I 




1 .zu 


180F180V 




1 \A 


•« OAP1 OAX7 

180F180Y 




1 1 o 
1.1Z 


180F180W 




l.n 


180F180K 




1.08 


180F180T 




1.01 


I8IDI8IA 




1.35 


I8IDI8IK 




1.33 


I8IDI8IY 




1.29 


I8IDI8IW 




1.26 


I8IDI8IL 




1.25 


I8IDI8IR 




1.23 


I8IDI8IS 




1.21 


I8IDI8IQ 




1.14 


I8IDI8IE 




1.10 


I8IDI8IG 




1.09 


I8IDI8IC 




1.09 


I8IDI8IP 




1.03 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 
WT/Pos./ relative to 
Pos Var WT 



181D181T 1.02 

182A182T 1.14 

184S184Y 1.06 

184S184F 1.05 

184S184T 1.04 

184S184H 1.02 

185V185K 1.37 

185V185Y 1.37 

185V185W 1.36 

185V185H 1.30 

185V185L 1.23 

185V185R 1-15 

185V185G 1.12 

185V185T l.U 

185V185S 1.09 

185V185I 1.07 

185V185F 1.02 

186I186G 1.86 

186I186T 1.51 

186I186A 1.46 

186I186S 1.39 

186 II 86V 1.28 

186I186L 1.17 

186I186F 1.01 

187S187K 1.45 

187S187Y 1.43 

187S187I 1.38 

187S187L 1.37 

187S187W 1.30 

187S187H 1.29 

187S187V 1.23 

187S187T 1.12 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WT/Pac / 


relative to 


▼ h1 


WT 




1R7S187R 

AO/ lJIO / XV 




1.04 


1R7S1R7G 

AO/ OlO / VJ 




1.03 


1R7S1R7F 
a o / oio/r 




1.02 


1 RR T1 RRY 

A OO A LOO I 




1.48 


1RRT1RRV 

A OO A A OO V 




1.22 


1RRT1 RRS 

1 OO A A OOO 




1.16 


1RRT18RI 

A OO A A OOA 




L13 


1RRT1RRH 

AOO A AOOAJL 




1.11 


1 RR T1RRR 

A OO A A OOAV 




1.01 


1RQD1R9T 




1.30 


1R9D1R9H 

A 07 IV A 0711 




1.25 


1 ROD 1 ROW 

A 07 LS A 07 W 




1.09 


A 7vJ VJ A 7 V W 




1.88 


190G190K 

A Z7\J VJ A 7vJ\ 




1.01 


191 V191Y 

171 V 171 1 




1.32 


191 V191H 

A 7 A V A 7 A 11 




1.30 


191 V191W 

A 7 1 T A ^ X TT 




1 20 


101 VIOI^L 

17A V l7lO 




1.20 


191V191K 




1.17 


191V191I 




1.14 


191V191F 




1.13 


191V191R 




1.05 


191V191L 




1.04 


196F196H 




1.77 


196F196L 




1.77 


196F196C 




1.74 


196F196M 




1.65 


196F196G 




1.59 


196F196S 




1.58 


196F196Y 




1.41 


196F196V 




1.40 


196F196I 




1.32 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WT/Pos./ 


relative to 


Var 


WT 




196F196W 




1.01 


197T197L 




l.2l 


198E198R 




l. 82 


198E198I 




1. 80 


198E198V 




1.60 


198E198W 




1.59 


198E198L 




L57 


198E198P 




1.52 


198E198Y 




1.48 


198E198C 




1.38 


198E198F 




137 


198E198Q 




1.28 


198E198T 




1.25 


198E198N 




1.24 


198E198M 




1.18 


198E198S 




1.06 


199A199C 




1.77 


199A199K 




1.72 


199A199E 




1.56 


199A199L 




1.38 


199A199T 




1.33 


199A199R 




1.33 


199A199V 




1.32 


199A199D 




1.31 


199A199H 




1.27 


199A199Y 




1.24 


199A199F 




1.23 


199A199S 




1.20 


199A199G 




1.14 


199A199M 




1.07 


201N201Y 




1.29 


201N201F 




1.16 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 

Peracid 
formation 



WT/Pos./ 


relative to 


Var 


\JLTV 




201N201G 




1 HQ 


202R202W 




1 07 


202R202F 




1 SO 


202R202E 






202 R202H 




i aa 


202R202T 






202R202S 




1 AO 


202R202A 




1 AC 
I. HO 


202R202C 




1 44 


202K2UZM 




1 4^ 


202 R202L 




1 41 


202R202G 




1 "JO 


202R202I 




1.33 


203D203L 




2.42 


203 D203R 




2.23 


203 D203I 




1.99 


203 D203W 




1.99 


203 D203F 




1.92 


203D203H 




1.84 


203D203C 




1.78 


203 D203S 




1.66 


203D203V 




1.66 


203D203G 




1.63 


203D203Q 




1.60 


203D203A 




1.53 


203D203E 




1.34 


203D203N 




1.05 
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The following Table, provides variants with a PAF PI greater than 1.5. 



Table 10-3. PAF PI > 1.5 




Table 10-3. PAF PI > 1 .5 


Wild-Type 

Residue/Pos, 


Variant Amino Acidttk 




Wfld-Type 
Residue/Pos. 


Variant Amino Addfc) 


A2 


W 




L78 


E-G.H.N.O.T.V 


C7 


_KL_L K, Y 




A79 


H. f. L 


D10 


K.L.W.Y 




H81 


K 


L12 


CO 




P85 


ftN,G,R,3 


G15 






T93 


RY 


E2Q 


C,Q,H,^S,T,V,W 




D95 


E 


P21 


KLW 




K97 


R 


G22 


A 




A9? 


G.H.I.LS.T.Y 


T25 


as 






C,E,F,G,H,I,N,R,S, 
T.VW 


E26 


A.M 




P104 


A29 


G R.V.W.Y 




L105 


CP 


P31 


L.W 




1107 


E. GN.S 




G,I,K,L,N,R,S,T,W, 




L109 


N 


040 


Y 




Mill 


I.K.L 


L42 


H.K.W 




VI 13 


L 


A44 


G F.LV 






A,F,G,H,M,R,S,T, 
V,W,Y 


E47 


R.T 




OH7 


L53 


H 




G123 


D-H.I.LT 


S54 


A. L L. P. R. V 




G124 


I- L 


A55 


G.T 




V125 


AGP.S 


T57 


RS 




G126 


T 


P63 


G 




T127 


H 


P66 


H.I.R.V 




A131 


G.H.L.RR.VW.Y 


R67 


N 




P132 


Y 


N69 


K.V 




V134 


G 


A71 


G.H.I.S.T 




P140 


AT. 


L74 


as 




P141 


G.H.LL.R.S.T.V 


P75 


R 




L142 


K.W 



249 



WO 2005/056782, „„^ _ PCT/US2004/040438 

PCT/USOM./ ^ONI-JtlB 



GC821-2 



Table 10-3. PAFPI>1.5 



WUd-Type 

Kesiriiie/Pos. Variant Amino Acid(Y> 




r, n, rs^ r, v^, iv, o, i , 
V W 


PI 44 


F H K.R.S Y 


M145 


L 


P148 


A.KLL.R.T.V 


1153 


K 


G157 


R.T 


E158 


F H.K.L.R. S. V.W.Y 


T161 


H.R.Y 


A165 


T 


Y168 


G.T 


A170 


O.T.K 


L171 


H-I-K.T 


A172 


IS 




G T P 


M175 


G,I,,0,R,T,V 


P178 


L 


F196 
G190 
E198 
A199 
R202 

D203 
V206 
A209 
E210 
Q211 
V212 


C, G, H, L, M, S 
W 

I,L,P,R,V,W 

C,E,K 
E,F,H,T,W 
A,C,F,G,H,I,L,Q,R, 

s,v,w 

E,F,G,H,K,R,S, 
K 

H,K,S,T,V,W 
K 
W 



Table 10-4 provides variants with PAF PI values greater than 2.0. 
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Table 10-4. Variants with PAF PI > 



2JL 



WUd-Type 

Residue/Pos. Amino Acid Variantfs) 


C7 


KLY 


D10 


K.L,W 


U2 


C,0 


E20 


G,H,L,S,T,V,W 


E26 


M 


O40 


I,K,L,T,W 


L42 


K,W 




F,V 


E47 


B _ 


L53 


n 


S54 




174 


s 


L78, 


E,G,H,N 


D85 


Q.R,s 


T93 


F.Y 


D95 


E 


K97 


R 


A98 


H,I,L,Y 


P104 


G,p,j,5,T.v,w 


1107 


E.S 


0117 


A,G,H,T,V,W,Y 


V125 


G 


P141 


H.LL 


L142 


W 


A143 


H,K,L,R,T,V,W 


P144 


K,Y 


P148 


V 


E158 


f F. H.K 


T161 


R,Y 


L171 


K 


Ml 75 
D203 
V206 
E210 


G,T 
L,R 
E,F,K 
T 
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The following Table provides PAD assay results for various variants. 



Tab 


lelO-5. PAD Assay Results 




Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf 
Ind. 




Position 


WT/Pne/ 
TT 1/JrOS/ 

Mutation 


Variant 


PAH PawI* 

mt ami Jrert. 
Tnd 


1 


M001A 


A 


<0.01 




! 5 


I005P 


P 


<0.01 


1 


M001E 


E 


<0.01 




5 


I005R 


R 


<0.01 


1 


M001F 


F 


<0.01 




5 


I005W 


W 


<0.01 


1 


M001G 


G 


<0.01 




1 5 


I005F 


F 


0.15045 


1 


M001K 


K 


<0.01 




5 


I005S 


S 


0.367738 


1 


M001N 


N 


<0.01 




5 


I005H 


H 


0.626022 


1 


MOOIP 


P 


<0.01 




5 


I005T 


T 


0.7212 


1 


MOOIR 


R 


<0.01 




5 


I005V 


V 


0.917243 


1 


M001S 


s 


<0.01 




6 


L006S 


s 


<0.01 


1 


M001T 


T 


<0.01 




6 


L006K 


K 


O.01 


1 


MOOIW 


W 


<0.01 




6 


L006G 


G 


<0.01 


1 


MOOIV 


v 


0.944944 




6 


L006H 


H 


<0.01 


3 


K003V 


v 


0.835476 




6 


L006R 


R 


<0.01 


4 


R004L 


L 


<0.01 




6 


L006W 


W 


<0.01 


4 


R004V 


V 


0.079216 




6 


L006E 


E 


<0.01 


4 


R004I 


I 


0.153122 




6 


L006O 


0 


<0.01 


4 


R004W 


W 


0.484006 




6 


L006V 


V 


0.352616 ! 


4 


R004G 


G 


0.78952 




6 


L006T 


T 


0.354148 


4 


R004S 


s 


0.907174 1 




6 


L006I 


I 


0.819654 


4 


R004E 


E 


0.970668 




7 


C007S 


S 


<0.01 


4 


R004Y 


Y 


0.983327 




7 


C007R 


R 


<0.01 


4 


R004H 


H 


0.986096 




7 


C007L 


L 


<0.01 


4 


R004O 


0 


0.98766 




7 1 


C007P 


P 


<0.01 


4 


R004T 


T 


0.999841 




7 


COOT. 


T 


<0.01 


5 


I005G 1 


G 


<0.01 




7 


C007W 


W 


<0.01 


5 


I005N 


N 


<0.01 




7 


C007Y 


Y 


0.544454 
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Table 10-5. PAD Assay Results 


JTUslUUU 


• 

WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


7 


C007M 


M 




7 


C007G 


Cj 


U.OoOUlo 


10 


D010W 


w 


*"A A1 
<0.01 


10 


D010K 




-<A A1 


10 


D010Y 




-*"A A1 


10 


D010T 


rp 

T. 


-<A A1 

<U.U1 


10 


D010I 


T 

I 


--"A A1 


10 


D010V 


XT 

V 


-"A A1 
<U.U1 


10 


D010S 


o 
b 


-<A A1 


10 


D010G 


Q 


-<Q.pi 


10 


D010R 


K 


^A A1 


! 10 


D010A 


A 

A 


-<A A1 


10 


D010M 


M 


*-*A A1 


10 


D010N 


IN 


-<A A1 
<U.U1 


10 


D010P_ 


r 


^A A1 


10 


D010E 


IS 




1 i 


QA1 1T 


T 


<0 01 


11 


S01 IV 


V 


<0.01 


11 


S01 ID 


D 


<0.01 


11 


S01 IE 


E 


<0.01 


11 


S01 IF 


F 


i <0.01 


11 


S011G 


G 


<0.01 


11 


soul 


L 


<0.01 


11 


S011O 


0 


<0.01 


11 


SOUR 


R 


<0.01 


11 


S011H 


H 


0.332012 


11 


S01 IK 


K 


0.399168 


11 


SOU A 


A 


0.528328 


11 


SOI 11 


I 


0.562735 



Table 10-5. PAD Assay Results 


PrtcitifiTi 
x u allium 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


12 


T A1 OW 


XT 

V 


<?€\ A1 


\ 12 


t m 


Q 

o 


«fA A1 


12 


T A1 O/*^ 


/~l 
VJ 


Wi A1 


12 


L012R 


Ty 


*-A A1 


12 


T A1 OT^V 

LOlzU 


u 


*"A A1 
<U.UI 


12 


L012P 




W\ A1 


IZ 


Ti>19W 


w 


^*A A1 rf£9T^ft^ 

75R56614 ' 


IZ 


T A19T 


T 


0 064264 


1 9 


T H.19A 


A 
Jr\ 


0 074567 


IZ 


T 019TC 

LAJ 1 Z.IV 


XV. 


0 134919 


1 9 

IZ 


T ft19H 


ii 


0 164894 


IZ 






0 171369 


19 

IZ 


T 0190 


o 


0 219754 


IZ 


T 019P 

LiU1Z,v 


r* 

w 


0 221492 


19 
xz 


T 1)1 2TM 


N 


0.655242 


13 


T013F 


F 


<0.01 


13 


T013R 


R 


<0.01 


13 


T013W 


W 


<0.01 


- 13 


T013O 


Q 


0.508867 


13 


T013V 


V 


0.625148 


13 


T013S 


s 


0.682494 


13 


T013G 


G 


0.768701 


14 


W014I 


I 


<0.01 


14 


W014S 


s 


<0.01 


14 


W014G 


G 


<0.01 


14 


W014K 


K 


<0.01 


14 


W014V 


V 


<0.01 


14 


W014L 


L 


<0.01 
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Table 10-5. PAD Assay Results 




WT/Pos/ 
Mutation 


Variant 


PAD Perf . 
Ind. 


14 


TITA1 AT* 
W0141 


T 
1 


<:0 01 


14 


117A1 AX% 

W014K 


IV 




14 


YI7"A1 A*KT 

WU14N 


XT 

IN 


^a ai 


1 A 

14 


W014P 


T» 

r 




14.. 


TI7A1 AT? 






1 A 

14 


11 7A1 AT? 

WU14r 


r 




14 


TT7A1 A A 


A 

A 


O 0*71 077 


14 


W014Y 


Y 


A AA&Qfi 


1 A 

14 


xir/\i AWT 
W014W 


XkT 

w 


a okq£J/3 


15 


G015C 




<f A AI 


15 




XT 

IN 


<*-A A1 


15 


G015JLJ 


T> 
JJ 


<rO O! 


15 




TJ 

ii 


<:0 01 


15 


G015H. 


TT 

rl 


<r0 01 


15 


G015K (1- 


V 

... 


<0 01 


15 


/"*A 1 

Cj015JL 


T 


<:0 01 


1 mJ 


G015P 


p 


<0.01 


15 


G015R 


R 


<0.01 


15 


G015Y 


Y 


<0.01 


15 


G015A 


A 


0.614319 


15 


G015S 


S 


0.631317 


16 


W016S 


s 


<0.01 


16 


W016G 


G 


<0.01 


16 


W016H 


H 


<0.01 


16 


W016N 


N 


<0.01 


16 


W016R 


R 


<0.01 


16 


W016T 


T 


<0.01 


16 


W016P 


P 


0.150383 


16 


W016O 


0 


0.312038 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ , 
Mutation 


Variant 


A TV *WV.. 

PAD Pert, 
ind. 


16 


W016M 


M 


0.370155 


16 


W016A 


A 


0.553088 


16 


W016D 


D 


0.569713 


16 


W016E 


E 


0.647375 


16 


W016V 


v ! 


0.875327 I 


17 


V017A 


A 


0.675391 


17 


V017E 


E 


0.749717 ! 


17 


V017G 


G 


0.838345 


17 


V017K 


K 


0.844479 


17 


V017F 


F 


0.847091 


T 

17 


V017T 


T 


0.861827 


17 


V017Y 


Y 


0.876678 


17 


V017R 


R 


0.936013 


17 


V017P 


P 


0.956795 


17 


V01 71 


I 


0.993337 


17 


V017L 


L 


0.996217 


18 


P018A 


A 


<0.01 


18 


P018M 


M 


<0.01 


18 


P018S 


s 


0.066689 


19 


V019P 


P 


! <0.01 


19 


V019M 


M 


0.117174 


19 


V019R 


R 


0.343385 


19 


V019O 


0 


0.395965 


19 


V019A 


A 


0.554598 


19 


V019G 


G 


0.55596 


19 


V019S 


S 


0.573928 


19 


V019E 


E 


0.620236 


19 


V019Y 


Y 


0.696626 


19 


V019D 


D 


0.785756 
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Table 10-5. PAD Assay Results 




Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


variant 


PAD Perf. 
Ind. 






WT/Pos/ 
Mutation 


Variant 

T nl 1A11I 


PAD Perf. 
Ind. 


1 19 


V019L 


L 


0.910961 




rs. A 

24 


P024I 


T 

1 1 


()_b53z4 / 


19 


V019K 


K 


0.965611 




24 


P024R 


R 


A AA^OOO 

O.vUVoVZ 


21 


D021V 


V 


<0.01 




24 


1-» /"v/"^ ATT 

P024H 


TT 

H 


0-969695 


21 


D021P 


P 


0.534939 




25 


T025P 


P 


<0.01 


21 


D021S 


s 


0.689672 




25 


rr%/\r> £?T T 

T025H 


TT 

H 


<0.U1 


21 


D021E 


E 


0.864655 




25 


T025L 


T 

L 


^"f\ A1 

<0.U1 


21 


D021F 


F 


0.876655 




25 


T025R 


TT 

R 


<0.U1 i 


21 


D021W 


W 


0.894205 




25 


T025M 


M 


^•A A1 

<0.01 


21 


D021L 


L 


0.971454 




25 


T025E 


E 


-*-A A1 

<0.01, . 


22 


G022K 


K 


<0.01 




25 


T025D 




<0.QL 


22 


G022W 


W 


0.231005 




25 


T025K 


TT" 

K 


A 1 11 /I A A 

U.1334UO 


22 


G022R 


R 


0.563069 




25 


T025W 


TT 7 

w 


A 1 A All C 

0-144315 


22 


G022V 


v 


0.850851 




25 


T025I 


I 


A 1CAA1 *7 

0.3 509 1 / 


22 


G022S 


S 


0.981692 




25 


T025G 


G 


0.4ZOZ14 


23 


A023R 


R 


0.283095 




25 


T025C 


c 


A C AO TOO 

0.509 /9z 


23 


A023S 


S 


0.335177 




25 


T025V 


V 


A <1A7^>Q 

U.D14/oy I 


23 


AUZ 3 vjr 


VJ 






25 


T025S 


s 


0.576256 


23 


A023F 


F 


0.438047 




25 


T025A 


A 


0.863346 


23 


A023V 


V 


0.598414 




26 


E026S 


S 


0.280953 


23 


A023Q 


Q 


0.732052 




26 


E026T 


T 


0.39705 


23 


A023P 


P 


0.733451 




26 


E026W 


W 


0.471182 


23 


A023W 


w 


0.801206 




26 


E026N 


N 


0.47572 


23 


A023M 


M 


0.946802 




26 


E026R 


R 


0.813632 


23 


A023Y 


Y 


0.962455 




26 


E026G 


G 


I 0.869755 ! 


24 


P024S 


S 


0.614708 




1 26 


E026C 


C 


0.939981 


24 


P024Q 


0 


0.652848 




26 


E026V 


V 


0.966156 


24 


P024T 


T 


0.663925 




26 


E026P 


P 


0.993535 


24 


P024A 


A 


0.681992 




27 


R027W 


w 


<0.01 


24 


P024G 


G 


! 0.755229 




27 


R027T 


T 


<0.01 497896 
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Table 10-5. PAD Assay Results 


Position 


WTYPos/ 
Mutation 


Variant 


PAD Perf. 
ind. 








77895526 


27 


R027P 


P 


0.483512 


27 


R027C 


! c 


0.58498 


27 


R027S 


! S 


0.686775 


27 


R027G 


G 


0.836174 


27 


R027E 


E 


0.925988 


27 


R027V 


V 


0.943209 


28 


F028G 


G 


<0.01 


28 


F028H 


H 


<0.01 


28 


F028I 


I 


<0.01 1 


28 


F028R 


R 


<0.01 


28 


F028P 


P 


0.385272 


28 


F028V 


V 


0.531941 


28 


F028S 


s 


0.696363 


29 


A029V 


V 


0.43718 i 


29 


A029T 


T 


0.467508 


29 


A029S 


S 


0.546873 




A029Y 


Y 


0.593264 


29 


A029P 


P 


0.622623 


29 


A029R 


R 


0.728312 


29 


A029W 


W 


0.738583 


29 


A029M 


M 


0.768108 


29 


A029G 


G 


0.802278 


29 


A029E 


E 


0.844095 


29 


A029D 


D 


0.996225 


30 


P030M 


M 


0.78893 


30 


P030O 


o 


0.905135 


30 


P030A 


A 


0.918048 


31 


D031E 


E 


0.882779 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
ind* 


27 


R027P 


P 


0.483512 


27 


R027C 


C 


0.58498 ' 


27 


R027S 


s 


0.686775 


27 


R027G 


G 


0.836174 


27 


R027E 


E 


0.925988 


27 


R027V 


V 


0.943209 ! 


28 


F028G 


G 


<0.01 


28 


F028H 


H 


<0.01 


28 


F028I 


I 


i O.01 


28 


F028R 


R 


<0.01 


28 


F028P 


P 


0.385272 


28 


F028V 


V 


0.531941 ! 


28 


F028S 


s 


0.696363 


29 


A029V 


V 


0.43718 


29 


A029T 


T 


0.467508 


29 


A029S 


S 


0.546873 


29 


A029Y 


Y 


0.593264 


29 


A029P 


P 


0.622623 


29 


A029R 


R 


0.728312 


29 


A029W 


W 


0.738583 


29 


A029M 


M 


0.768108 


29 


A029G 


G 


0.802278 


29 


A029E 


E 


0.844095 


29 


A029D 


D 


0.996225 


30 


P030M 


M 


0.78893 


30 


P030O 


o 


0.905135 


30 


P030A 


A 


0.918048 


31 


D031E 


E 


0.882779 
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Table 10-5. PAD Assa; 


y Results 


Position 


W 1 /JrOS/ 

It J. UlSt UUU 


Variant 


PAD Perf. 
Ind. 


32 


V032P 


P 


<0 01 


32 


V032R 


R 


0 715259 


33 


R033D 


D 


<0 01 


33 


R033E 


E 




33 


R033H 


H 


<0 01 


33 


R033P 


P 


<0 01 


33 


R033W 


W 


<0 01 


33 


R033V 


V 


0 915181 


34 


W034R 


R 


<ooi 


34 


W034E 


E 


<0 01 


34 


W034K 


K 


<0 01 


34 


W034O 


o 


0 04111 1 


34 


W034S 


S 


0 079486 


34 


W034T 


T 


0 151641 


34 


W034V 


V 


0 72591 


34 


W034G 


G 


0 880049 


34 


W034I 


I 


0 93831 


35 


T035O 


O 


<0 01 


35 


T035N 


N 


<0.01 


35 


T035R 


R 


<0.01 


35 


T035K 


K 


<0.01 


35 i 


T035L 


L 


<0.01 


35 


T035P 


P 


<0.01 


35 ! 


T035W 


W 


O.01 


! 35 


T035Y 


Y 


<0.01 


35 


T035V 


V 


0.344374 


36 


G036P 


P 


<0.01 


1 36 


G036S 


s 


0.25722 


36 


G036T 


T 


0.326076 
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Table 10-5. PAD Assay Results 


Position 


WJL/Pos/ 
lYXucauOIl 


Variant 


PAD Perf. 
ina. 


36 


G036V 


V 


0.375828 


36 


G036M 


M 


0.536338 


36 


G036N 


N 


0.557724 


36 


G036W 


W 


0.682701 


36 


G036O 


o 


0.712029 


36 


G036R 


R 


0.897684 


38 


L038K 


K 


<0.01 


38 


L038G 


G 


<0.01 


38 


L038E 


' E 


<0.01 


38 


L038P 


P 


<0.01 


38 


L038O 


O 


<0.01 


38 


L038R 


R 


<0.01 


38 


L038W 


W 


<0.01 


40 


O040P 


P 


<0.01 i 


41 


O041V 


V 


<0.01 


41 


O041S 


S 


0.222419 


41 


Q041P 


P 


0.662368 


41 


O041Y 


Y 


0.701492 


41 


O041W 


W 


0.878483 


42 


L042W 


W 


<0.01 


42 


L042H 


H 


<0.01 


42 


L042T 


T 


<0.01 


42 


L042D 


D 


<0.01 1 


42 


L042O 


0 


0.280991 


42 


L042S 


s 


0.450557 ! 


42 


L042R 


R 


0.64188 


42 


L042I 


I 


0.658658 


42 


L042V 


V 


0.725221 l 


42 


L042M 


M 


0.73687 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perl, 
lull* 


42 


L042G 


G 


0.759964 


43 


G043S 


S 


0.233902 


43 


G043P 


P 


0.310899 


43 


G043V 


V 


0.332639 


43 


G043O 


o 


0.475759 


43 


G043R 


R 


0.585481 1 


43 


G043C 


C 


0.725373 


43 


G043I 


I 


0.766408 


43 


G043K 


K 


0.856798 


43 


G043M 


M 


0.877674 


43 


G043Y 


Y 


0.944457 


43 


G043H 


H 


0.957156 


44 


A044S 


S 


<0.01 


44 


A044Y 


Y 


<0.01 


44 


A044T 


T 


<0.01 


44 


A044R 


R 


<0.01 


44 


A044D 


D 


<0.01 


44 


A044H 


1 H 


<0.01 


44 


A044P 


! p 


<0.01 


44 


A044E 


E 


0.028463 


44 


A044V 


V 


0.504951 


44 


A044F 


F 


1 0.803847 


44 


A044W 


W 


0.847767 


44 


A044M 


1 M 


0.975188 


44 


A044L 


L 


0.99381 


45 


D045S 


! s 


0.382964 


45 


D045T 


T 


0.438291 


45 


D045R 


R 


0.492492 


45 


D045V 


V 


0.500129 
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Table 10-5. PAD Assay Results 


Position 


W If Mr OS/ 
Vf 11 infirm 


Variant 


r> a n Porf 
mtajj r erit 


45 


D045P 


P 


0.531241 


45 


D045O 


O 


0.568687 


! 45 


D045W 


w 


0.582004 


45 


D045H 


H 


0.779564 


45 


D045L 


L 


0.781626 


45 


D045M 


M j 


0.78286 


45 


D045G 


G 


0.839279 


45 


D045A 


A 


0.841569 


45 


D045C 


C 


0.844725 


45 


D045K 


K 


0.867296 


46 


F046H 


H 


<0.01 S 


46 


F046T 


T 


0.429962 


46 


F046W 


W 


0.633171 


46 


F046S 


S 


0.656356 


46 


F046V 


V 


0.786355 


46 


F046I 


I 


0.882982 ! 


46 


F046G 


G 


0.944614 


47 


E047P 


P 


0.357072 


47 


E047R 


R 


0.620501 


47 


E047N 


N 


0.627512 


47 


E047S 


S 


0.628088 


47 


E047M 


M 


0.703134 


47 


E047A 


A 


I 0.757492 


47 


E047F 


F 


0.763159 


47 


E047C 


C 


0.772744 


47 


E047T 


T 


0.837562 j 


47 


E047D 


D 


0.975388 


47 


E047H 


H 


0.99217 


48 


V048R 


R 


<0.01 
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Table 10-5. PAD Assay Results 


Position 


WTVPos/ 
Mutation 


Variant 


PAD Perf. 
wo. 


48 


V048W 


W 


<0.01 


48 


V048S 


s 


0.423613 


48 


V048G 


G 


0.873544 ! 


48 


V048N 


N 


0.980906 


48 


V048E 


E 


0.987222 


49 


I049P 


p 


0.161279 ! 


49 


I049R 


R 


0.29139 


49 


I049W 


W 


0.676641 


49 


I049H 


H 


0.740799 


49 


I049S 


s 


0.789362 


49 


I049E 


E 


0.876247 


49 


I049V 


V 


0.972022 


50 


E050R 


R 


<0.01 


50 


E050W 


W 


0.14091 


50 


E050V 


V 


0.425221 


50 


E050I 


I 


0.575369 


50 


E050S 


s 


0.645021 


50 


E050O 


Q 


0.906441 


50 


E050L 


L 


0.967983 


51 


E051R 


R 


<0.01 


51 


E051P 


P 


<0.01 


51 


E051I 


I 


0.044391 


51 


E051W 


W 


0.165053 


51 


E051V 


V 


0.367755 


51 


E051O 


Q 


0.761883 


51 


E051L 


L 


0.927544 


52 


G052H 


H 


<0.01 


52 


G052S 


S 


O.01 


52 


G052V 


v 


<0.01 
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Table 10-5. PAD Assay Results 


Position 


W 1 /POS/ 
YJIUlStUUll 


Variant 


PAH P A i*f 

Tnd 


52 


G052T 


T 


<0.01 


52 


G052M 


M 


<0.01 


52 


G052F 


F 


<0.01 


52 


G052I 


I 


0.069022 


52 


G052P 


p 


0.242545 


52 


G052L 


L 


0-244397 


52 


G052O 


o 


0.283827 1 


52 


G052R 


R 


0349923 


52 


G052E 


E 


0.549067 


52 


G052A 


A 


0.793929 


53 


L053R 


R 


<0.01 


53 


L053W 


W 


<0.01 


53 


L053P 


P 


<0.01 


53 


L053D 


D 


<0.01 328259 
! 968325 


53 


L053E 


E 


0.191623 


53 


L053K 


K 


0.237686 


53 


L053S 


S 


0.260431 


53 


L053G 


G 


0.32712 


53 


L053V 


V 


0.652864 


53 


L053I 


I 


0.659806 


53 


L053O 


o 


0.717093 


53 


L053T 


T 


0.842042 


54 


1 S054F 


F 


O.01 


54 


S054W 


W 


<0.01 


54 


S054H 


H 


<0.01 


54 


S054K 


K 


0.083519 


54 


S054I 


I 


0.116295 


54 1 S054Y 


Y 


0.124722 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


54 


S054G 




0 1704R4 


54 


S054T 


T 

X-* 


0 

U.^JOOZ> x 


54 


S054V 


v 

V 


0 9RS7S5 


54 


S054F 


F 


0 90601 0 


54 


S054T 


T 

j. 


0 ^20270 


54 


S054R 


XV 


0 


54 


S054M 


M 

xvx 




54 


S054O 


o 




54 






0 6477R7 


54 


S054C 




0 Rill J 


55 


A055V 


V 

V 


<0 01 


55 


A055I 


T 

x 


<0 01 


55 


A055P 


p 

IT 


<0 01 


55 


A055W 


w 

vv 


<0 01 


55 


A055Y 


Y 


0 176777 


55 


A055R 


p 

XV 


0 24564R 


55 


A055T 


T . 


0.415054 


55 


A055G 


G 


0.731513 


55 


A055L 


L 


0.866592 


55 


A055S 


S 


0.866756 


55 


A055H 


H 


0.921909 


56 


R056C 


C 


<0.01 


56 


R056G 


G 


<0.01 


56 


R056T 


T 


<0.01 


56 


R056E 


E 


<0.01 


56 


R056H 


H 


<0.01 I 


56 


R056K 


K 


<0.01 1 


56 


R056P 


P 


O.01 


56 


R056O 


0 


<0.01 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


S6 


tSAJDOW 


w 


<*n ni 


S6 


POS6V 


v 

X 


<Y1 01 


S6 




c 
o 


O 17^S01 


^6 


i>n^6T 


T 

L 




<?6 


PfK6XF 
Ivv/JOiN 


IN 


A OA7R1 1 
vi.ZO /oil 


JO 


POS6A 


A 
J\ 


fl 6&SA7 
U.OooUZ 


^7 


Tft^7P 
X vJJ /Iv 


XV 






TOS7P 


P 

X 


<rfl 01 


^7 


Tft57W 


w 


<rn ftl 


S7 


1 \iD 1 IN 


VT 
IN 


n 94^6A^ 


S7 




r* 

V-/ 


O 10R001 
vl.OVoUl/1 


S7 


X Uj / X 


v 

X 


A <S1700 


S7 


X \JJ /XX 


XJ 

XX 


0 6HS^R6 


57 


T057A 


A 


ft 6^1 R7Q 

v.UJ 10/7 


57 


T057T 


T 


0 7690R7 


57 


T057V 

X \J-J / V 


v 


0 86911 


57 


T057I 


I 


0.870692 


58 


T058E 


E 


<0.01 ! 


58 


T058G 


G 


<0.01 


58 


T058K 


K 


<0.01 


58 


T058P 


P 


<0.01 


58 


T058R 


R 


<0.01 


58 


T058W 


W 


<0.01 


58 


T058Y 


Y 


<0.01 


58 


T058M 


M 


0.026886 


58 


T058A 


A 


0.361258 


58 


T058V 


V 


0.955494 


58 


T058S 


S 


0.964758 ! 


59 


N059R 


R 


<0.01 
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Table 10-5. PAD Assay Results 


Position 


Mutation 


Variant 


rAXJ Jrcri. 
Tnd 


59 


N059M 


M 


<0.01 


59 


N059P 


P 


<0.01 


59 


N059O 


o 


0.165409 


59 


N059T 


T 


0.501362 


59 


N059S 


S 


0.651989 


59 


N059K 


K 


0.731191 


59 


N059E 


E 


0.879272 


59 


N059V 


V 


0.887341 


59 


N059G 


! G 


0.890006 


59 


N059F 


F 


0.911279 


59 


N059A 


A 


0.929578 


59 


N059Y 


! Y 


0.99189 


59 


N059C 


c 


0.99959 


60 


I060P 


p 


0.318965 1 


60 


I060D 


D 


0.660273 


60 


I060C 


C 


0.668516 


60 


I060M 


M 


0.682237 


60 


I060A 


A 


0.788799 


60 


I060R 


R 


0.809655 


60 


I060L 


L 


0.913226 


! 60 


I060E 


E 


0.923286 


60 


I060K 


K 


0.959958 


60 


I060S 


S 


0.999829 


61 


D061F 


F 


0.698154 


61 


D061A 


A 


0.708121 


61 


D061C 


C 


0.848446 


61 


D061Y 


Y 


0.948278 


61 


D061V 


V 


0.968066 


61 


D061N 


N 


0.999276 
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Table 10-5. PAD Assay Results 


Position 


limp rr% i 

WT/Pos/ 

/T wit aim 

iviuianon 


Variant 


PAD Perf. 
Ind. 


62 


D062T 


T 


<0.01 


62 


D062I 


I 


<0.01 


62 


D062V 


V 


<0.01 


62 


D062H 


H 


<0.01 


62 


D062W 


W 


<0.01 


62 


D062S 


s 


<0.01 


62 


D062L 


L 


<0.01 


62 


D062G 


G 


<0.01 


62 


D062R 


R 


<0.01 


62 


D062M 


M 


<0.01 


62 


D062P 


P 


<0.01 


62 


D062O 


o 


<0.01 


62 


D062A 


A 


0.113753 


62 


D062C 


c 


0.490736 


62 


D062E 


E 


0.602369 


63 


P063A 


A 


0.598416 


63 


P063R 


R 


0.801911 


63 


P063S 


S 


0.898408 


- 63 


P063M 


M 


0.908904 


63 


P063F 


F 


0.925844 


! 63 1 


P063Y 


Y 


0.948378 


64 


T064R 


R 


0.106209 


64 


T064D 


D 


0.640095 


64 


T064W 


W 


0.691185 


64 


T064O 


Q 


0.865168 


64 


T064C 


c 


0.876862 


64 


T064P 


p 


0.936023 


64 


T064H 


H 


0.960718 


64 


T064N 


N 


0.983933 
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Table 10-5. PAD Assay Results 


Position 


Wl/FOS/ 

LVJLUl«iUUIl 


Variant 


TO A Tfc D AM f 

FAX) Fert. 

JLUU* 


64 


T064S 


S 


0.987972 


65 


D065V 


V 


0.199467 i 


65 


D065R 


R 


0.215599 i 


65 


D065H 


H 


0.398178 


| 65 


D065Y 


Y 


0.42301 


65 


D065P 


P 


0.423122 


65 


D065S 


S 


0.468174 


65 


D065W 


w 


0.50219 


65 


D065T 


T 


0.5039 


65 


D065G 


G 


0.51655 


65 


D065I 


I 


0.617391 


65 


D065A 


A 


0.723321 


66 


P066N 


N 


0.381273 


66 


P066O 


Q 


0.422614 


66 


P066G 


G 


0.444859 


66 


P066R 


! R 


0.508806 


66 

\J\J 


P066C 


c 


0 523524 


66 


P066A 


A 


0.563865 


66 


P066F 


F 


0.672865 


66 


P066Y 


Y 


0.699931 


66 


P066D 


D 


0.718749 


66 


P066I 


I 


0.844376 


66 


P066V 


V 


0.89302 


66 


P066H 


H 


0.947771 


66 


P066L 


! L 


0.987271 


67 


R067F 


F 


<0.01497362 
60903786 


67 


R067W 


W 


<0.01713297 
32205367 


67 


R067P 


P 


0.036575 



Table 10-5. PAD Assay Results 


Position 


Wl/Jros/ 

lTlllldXlUU 


Variant 


TO A Tfc Dai^ 

fad Feri. 


67 


R067E 


E 


0.113415 


67 


R067V 


V 


0.1203 


67 


R067O 


o 


0.126838 


67 


R067L 


L 


0.156654 


67 


R067A 


A 


0.215271 


67 


R067T 


T 


0.315404 


67 


R067N 


N 


0.333066 


67 


R067G 


G 


0.40823 


67 


R067K 


K 


0.986487 


68 


L068G 


G 


<0.01 


68 


L068A 


A 


<0.01 1 


68 


L068M 


M 


0.02834 


68 


L068C 


C 


0.05996 


68 


L068S 


s 


0.071622 ! 


68 


L068N 


N 


0.100981 


68 


L068E 


E 


0.131505 


68 


L068H 


H 


0.222734 


68 


L068O 


0 


0.254448 


68 


L068F 


F 


0.254797 


68 


L068T 


T 


0.324904 


68 


L068P 


P 


0.35297 


68 


L068D 


D 


0.443469 


68 


L068Y 


Y 


0.447862 


68 


L068R 


R 


0.465293 


68 


L068V 


V 


0.507389 


68 


L068W 


W 


0.561612 


68 


L068I 


I 


0.727312 


69 


N069Y 


Y 


0.173925 


69 


N069W 


W 


0.55063 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pen. 

lDu. 


69 


N069P 


P 


0.591783 


69 


N069R 


R 


0.828172 


69 


N069G 


G 


0.976332 


70 I 


G070M 


M 


<0.01 


70 


G070T 


T 


<0.01 


70 


G070P 


P 


<0.01 


70 


G070V 


V 


<0.01 


70 


G070C 


c 


<0.01 ) 


70 


G070R 


R 


<0.01 


70 


G070Y 


Y 


<0.01 1 


70 


G070K 


K 


<0.01 1 


70 


G070N 


N 


<0.01 


70 


G070O 


o 


<0.01 


70 


G070F 


F 


<o.oi ! 


70 


G070I 


I 


0.270463 


70 


G070E 


E 


0.33356 


70 


G070S 


S 


0.638917 


71 


A071P 


P 


O.01 


71 


A071N 


N 


0.613838 


71 


A071D 


D 


0.646588 


71 


A071G 


G 


0.675895 


71 


A071S 


s 


0.693249 


71 


A071R 


R 


0.771492 


! 71 


A071H 


H 


0.781953 


71 


A071I 


I 


0.786894 


71 


A071T 


T 


0.79386 


71 


A071E 


E 


0.809505 


71 


A071L 


L 


0.838126 


71 


A071F 


F 


0.985677 



Table 10-5. PAD Assay Results 



Position 


WT/Pos/ 
Mutation 


Variant 


PADPerf. 
Ind. 


71 


A071C 


C 


0.993683 


| 72 


S072Y 


Y 




72 


S072W 


W 


u.jjygja — 


72 


S072P 


P 


ft ^5^19 


72 


S072O 


O 


U.OJJJZ-O 


\ 72 


S072L 


L 


ft 7ft^A5tt 


- 72 


S072R 


R 


ft lAO^A 


72 


S072D 


D 


ft Rftftl 97 


I 72 


S072V 


v 


ft R7R97 


72 


S072E 


E 


ft 0^ft i \97 


72 


S072T 


T 


ft 07^R^6 


73 


Y073P 


P 


<o.oi ! 


73 


Y073R 


R 


0.262561 


73 


Y073L 


L 


0.497588 


73 


Y073G 


G 


0.509699 


73 


Y073H 


H 


0.515737 


73 


Y073I 


I 


0.641914 


73 


Y073S 


S 


0.676285 


73 


Y073V 


V 


0.73535 


73 


Y073N 


N 


0.758401 


73 


Y073D 


D 


0.803442 


1 73 


Y073O 


Q 


0.866092 


73 


Y073K 


i K 


0.944166 


76 


S076W 


W 


<0.01 


76 


S076Y 


Y 


0.177113 


76 


S076F 


F 


0.461095 


76 


S076O 


0 


0.900789 


77 


C077Y 


Y 


<0.01 


77 


C077R 


R 


<0.01 
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Table 10-5. PAD Assay Results | 


Position 


/TBI /Tf% _ _ / 

Wl/Pos/ i 

YLUlilUOIl 


Variant 


PAD Porf I 

Ind. 


77 


C077W 


W 


<0.01 


77 


C077F 


F 


<0.01 1 


77 


C077N 


N 


<0.01 1 


77 


C077P 


P 


<0.01 


77 


C077G 


G 


0.181068 


i 77 


C077L 


L 


0.734708 1 


77 


C077S 


S 


0,764136 I 


77 


C077V 


v 


0.802259 


77 


C077A 


A 


0.912937 J 


78 


L078E 


E 


<0.01 \ 


78 


L078N 


N 


<0.01 


78 


L078A 


A 


<0.01 1 


78 


L078P 


P 


<0.01 1 


78 


L078R 


R 


<0.01 


78 


L078S 


S 


<0.01 1 


78 


L078M 


M 


0.477538 I 


78 


L078Q 


o 


0.519566 1 


78 


L078C 


c 


0.779536 1 


78 


L078Y 


Y 


0.809511 


78 


L078V 


V 


0.827484 1 


79 


A079H 


H 


<0.01 1 


79 


A079F 


F 


<0.01 I 


79 


A079V 


V 


<0.01 1 


79 


A079C 


C 


0.026887 


79 


A079O 


Q 


0.268704 j 


79 


A079E 


E 


0.272158 1 


79 


A079N 


N 


0.281684 1 


79 


A079M 


M 


0.284387 1 


79 


A079R 


R 


0.321618 1 



Table 10-5. PAD Assay Results j 


Position 


WTVPos/ , 
Vlutation 


Variant 


PADPerf. 
Ind. 

J 


1 79 


A079W 


W 


0.530746 1 


| 79 


A079T 


T 


0.598368 


I 79 


A079I 


I 


0.673986 1 


1 79 


A079S 


s ! 


0.779628 1 


j 79 


A079G 


G 


0.915372 1 


1 79 


A079P 


P 


0.94147 | 


1 79 


A079L 


L 


0.958677 


1 80 


T080W 


W 


<0.01 


I 80 


T080L 


L 


<0.01 1 


1 80 


T080K 


K 


<0.01 


1 80 


T080R 


R 


<0.01 


[ 80 


T080E 


E 


<0.01 1 


1 80 


T080P 


P 


<0.01 


1 80 


T080H 


H 


0.049717 1 


1 80 


T080Y 


Y 


0.107973 I 


1 80 


T080I 


I 


0.146188 1 


J 80 


T080N 


N 


0.529867 1 


1 82 


L082R 


R 


<0.01 1 


1 82 


L082S 


S 


<0.01 1 


1 82 


L082W 


W 


<0.01 1 


1 82 


L082V 


V 


0.187819 1 


1 82 


L082G 


G 


0.310823 1 


1 82 


L082T 


T 


0.377413 


82 


L082H 


H 


0.468806 1 


! 82 


L082I 


I 


0.508005 1 


I 82 


L082K 


K 


0.508537 j 


I 82 


L082P 


P 


0.516154 j 


1 82 


L082A 


A 


0.976228 1 


| 83 


P083T 


T 


<0.01 1 



264 



WO 2005/056782 



GC821-2 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
iVJLUiaiioii 


Variant 


PAD Peri, 
mo. 


83 


P083V 


V 


0.186837 


83 


P083L 


L 


0.211018 


83 


P083H 


H 


0.611439 


83 


P083W 


W 


0.621496 


83 


P083G 


G 


0.677444 


83 


P083S 


S 


0.789585 


83 


P083O 


o 


0.818267 


83 


P083D 


D 


0.831344 


83 


P083F 


F 


0.99445 


84 


L084W 


W 


<0.01 


84 


L084V 


V 


0.416576 


84 


L084P 


P 


0.43025 


84 


L084T 


T 


0.438956 


84 


L084A 


A 


0.453182 


84 


L084O 


O 


0.516002 


84 


L084S 


s 


0.550862 


84 


L084R 


R 


0.565943 


84 


L084N 


N 


0.665228 


84 


L084K 


K 


0.79008 


84 


L084D 


D 


0.85276 


84 


L084I 


I 


0.870124 


84 


L084H 


H 


0.993217 


85 


D085I 


I 


0.100248 


85 


D085L 


L 


0.241561 


85 


D085V 


V 


0.25268 


85 


D085W 


w 


0.341677 


85 


D085P 


P 


0.543807 


85 


D085Y 


Y 


0.554364 


85 


D085S 


S 


0.675803 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perff . 
ino. 


85 


D085T 


T 


0.708548 


85 


D085N 


N 


0.781957 


1 85 


D085O 


O 


0.988545 


86 


L086H 


H 


<0.01 


86 


L086S 


s 


<0.01 


86 


L086R 


R 


<0.01 


86 


L086E 


E 


<0.01 


86 


L086F 


F 


<0.01 


86 


L086O 


o 


<0.01 


86 


L086W 


W 


0.077717 


86 


L086V 


V 


0.120133 


86 


L086T 


T 


0.284184 


86 


L086G 


G 


0.696393 


86 


L086Y 


Y 


0.815121 


86 


L086P 


P 


0.987233 


87 


V087S 


S 


O.01 


87 


V087G 


G 


<0.01 


87 


V087Y 


Y 


<0,01 


87 


V087R 


R 


<0.01 


87 


V087K 


K 


<0.01 


87 


V087D 


D 


<0.01 


87 


V087F 


F 


0.103908 


87 


V087T 


T 


0.147618 


87 


V087A 


A 


0.16806 


i 87 


V087M 


M 


0.751854 


| 89 


I089H 


H 


<0.01 


89 


I089S 


S 


<0.01 


89 


I089G 


G 


O.01 


89 


I089W 


W 


<0.01 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


CO 

tsy 


TOBQO 


O 


O.01 


OQ 


TflftOT^I 


xJ 


<0 01 


\ QQ 


T090T7 

luoyn 


£ 


<0 01 


<>y 






<0 01 


QQ 

07 


TflKQT? 


IT 


0 745747 


QQ 

oy 


luoy v 


v 

V 


0 820031 


QO 

©y 


TASOT 

luoy i 


T 


0 900425 


OA 

y** 


TsJOOAT 
iNUy*TJL* 


T 

JU 


<0 01 


OA 

? 4 


"NJflQAT 

iNuy*f l 


T 


<0 01 


y^ 


iNuy** v 


v 

V 


<0 01 


OA 

y*f 


IN U7411 


XI 
11 


<0 01 


OA 

y*t 


IN uyH-iv 


T> 

IV ! 


<0 01 


OA 


xrnoAW 
fNuy*t w 


W 

w 


<0 01 


OA 




1VA 


0 031458 


1 OA 

y*f 




c 


0 072751 


OA 

y*f 


in uyt i 


v 


0 123924 


94 


N094G 


G 


0.532837 


94 


N094A 


A 


0.74316 


94 


N094P 


P 


0.789771 


94 


N094S 


S 


0.877698 


95 


D095A 


A 


<0.01 


95 


D095C 


C 


<0.01 


95 


D095G 


G 


<0.01 


95 


D095H 


H 


<0.01 


95 


D095K 


K 


<0.01 


95 


D095L 


L 


<0.01 


95 


D095N 


N 


<0.01 


95 


D095O 


o 


<0.01 


95 


D095R 


R 


<0.01 
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Table 10-5. PAD Assay Results 


Position 


VVT/Pos/ 
viuianon 


Variant 


Ynd 


95 


D095S 


S 


<0.01 


95 


D095T 


T 


<0.01 


95 


D095V 


V 


<0.01 


95 


D095W 


W 


<0.01 


95 


D095Y 


Y 


<0.01 


95 


D095E 


E 


0.754335 


96 


T096I 


I 


<0.01 


96 


T096W 


W 


<0.01 


96 


T096Y 


Y 


<0.01 


96 


T096R 


R 


0.136108 


96 


T096V 


V 


0.58611 


96 


T096S 


S 


0.786547 


96 


T096P 


P 


0.885134 


97 


K097O 


O 


<0.01 


97 


K097G 


G 


<0.01 


97 


K097I 


I 


<0.01 


97 


K097W 


W 


<0.01 


97 


K097L 


L 


<0.01 


97 


K097V 


V 


<0.01 


97 


K097Y 


Y 


<0.01 


97 


K097S 


S 


<0.01 


97 


K097T 


T 


<0.01 


97 


K097D 


D 


<0.01 


97 


K097M 


M 


0.216645 


97 


K097A 


A 


0.227977 


97 


K097P 


P 


0.26585 


97 


K097R 


R 


0.587184 


99 


, Y099R 


R 


i 0.291941 


99 


Y099V 


V 


0.311502 



266 



WO 2005/056782 



GC821-2 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf . 
Ina. 


99 


Y099S 


s 


0.367181 


99 


Y099W 


W 


0.566038 


99 


Y099H 


H 


0.591623 


99 


Y099I 


I 


0.60574 


99 

^7 Z7 


Y099G 


G 


0.700083 


99 

Zr ^7 


Y099P 


p 


0.813989 


99 


Y099A 


A 


0.822549 


99 


Y099L 


L 


0.856204 


100 


F100W 


W 


<0.01 


100 

A W 


F100K 


K 


<0.01 


100 


F100D 


D 


O.01 


100 

A W 


F100E 


E 


0.152427 


100 


F100S 


s 


0.852784 


101 


R101W 


W 


<0.01 


101 


R101K 


K 


0.068708 


101 


R101O 


o 


0.107171 


101 


R101V 


V 


0.442582 


loi 


R101D 


D 


0.800722 


101 


R101Y 


Y 


0.803109 


101 


R101P 


I P 


0.855496 


101 


R101N 


i N 


0.918012 


101 


R101C 


C 


0.946306 


101 


R101I 


I 


0.955711 


101 


R101F 


F 


0.965422 


102 


R102W 


| W 


<0.01 


102 


R102F 


F 


0.226881 


102 


R102G 


G 


0.270733 


102 


R102C 


C 


0.363718 


102 


R102V 


V 


0.60605 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert, 
ina* 


102 


R102D 


D 


0.684234 


102 


R102P 


P 


0.894709 


102 


R102S 


S 


0.960127 


103 


T103W 


W 


<0.01 


103 


T103Y 


Y 


<0.01 ; 


103 


T103G 


G 


<0.01 


103 


T103K 


K 


<0.01 


103 


T103I 


I 


<0.01 


103 


T103L 


L 


<0.01 


103 


T103H 


H 


<0.01 


103 


T103A 


A 


<0.01 


103 


T103V 


V 


<0.01 


103 


T103S 


s 


<0.01 


103 


T103C 


c 


<0.01 


103 


T103R 


R 


<0.01 ! 


103 


T103N 


N 


<0.01 


103 


T103F 


F 


<0.01 


103 


T103P 


P 


O.01 


104 


P104R 


R 


<0.01 


104 


P104A 


A 


<0.01 


104 


P104L 


L 


<0.01 


104 


P104W 


W 


0.232802 


104 


P104T 


T 


0.333526 


104 


P104S 


s 


0.529113 


104 


P104O 


O 


0.847699 


104 


P104F 


F 


0.863543 


104 


P104G 


G 


0.984538 


105 


LI 05 V 


V 


<0.01 


105 


LI 05 A 


A 


<0.01 
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Table 10-5. PAD Assay Results 


Position 


WT/Pns/ 

Mutation 


Variant 


pah i>A**r 
Tnd 


105 


L105M 


M 


! <o.oi 


105 


L105E 


E 


0.528458 


105 


L105S 


s 


0.609931 


105 


L105Y 


Y 


0.620029 


105 


L105T 


T 


0.638962 


105 


L105P 


P 


0.902642 


106 


D106R 


R 


0.559786 


106 


D106O 


O 


0.617485 


106 


D106P 


P 


0.632087 


106 


D106N 


N 


0.642667 


106 


D106M 


M 


0.855673 


106 


D106I 


1 I 


0.915931 


106 


D106L 


L 


0.99561 


107 


I107E 


E 


<0.01 I 


107 


I107G 


G 


<0.01 


107 


I107F 


F 


<0.01 


107 


I107Q 


o 


<0.01 


107 


I107R 


R 


<0.01 


107 


I107H 


H 


<0.01 


107 


I107W 


W 


<0.01 


107 


I107P 


P 


0.318743 ! 


107 


I107Y 


Y 


0.524182 


107 


I107A 


A 


0.795478 


107 


I107N 


N 


0.929935 


107 


I107V 


V 


0.96863 


108 


A108D 


D 


<0.01 


108 


A108F 


F 


<0.01 


108 


A108H 


H 


<0.01 


108 


A108I 


I 


<0.01 



Table 10-5. PAD Assay Results 


Position 


WTAPOS/ 
iviuutuoo 


Variant 


PAD Perf. 
inci. 


108 


A108N 


N 


. <0.01 


108 


A108P 


P 


O.01 


108 


A108R 


R 


<0.01 


108 


A108E 


E 


0.60726 


108 


A108O 


O 


0.734472 


108 


A108T 


T 


0.865471 


108 


A108V 


V 


0.950481 


109 


L109W 


w 


<0.01 


109 


L109D 


D 


0.106206 i 


109 


1 L109I 


I 


0.144257 


109 


L109E 


E 


0.194168 


109 


L109R 


R 


0.210346 


109 


L109H 


H 


0.220153 


109 


L109O 


O 


0.222755 


109 


L109F 


F 


0.317718 


109 


L109A 


A 


0.323528 


109 


L109S 


S 


0.378623 S 


109 


L109P 


P 


0.434661 


109 i 


L109G 


G 


0.51022 


109 


L109V 


V 


0.539733 


109 


L109M 


M 


0.628881 


109 


L109N 


N 


0.658369 


109 


L109T 


T 


0.79132 


109 


L109Y 


Y 


0.825105 


110 


G110T 


T 


<0.01 


110 


G110L 


L 


O.01 


110 


G110W 


W 


<0.01 


110 


G110Y 


Y 


<0.01 


110 


Gil OP 


P 


0.224284 
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Table 10-5. PAD Assay Results 


Position 


WTYPos/ 
Mutation 


Variant 


PAD Perf 
Ind. 


110 


G110I 


I 


0.232219 


110 


G110S 


S 


0.30218 


110 


G110O 


o 


0.343918 


110 


G110R 


! R 


0.476072 


110 


Gil OH 


H 


0.73456 


110 


Gil ON 


N 


0.770851 


110 


G110M 


M 


0.816422 


111 


M111R 


R 


<0.01 


111 


M111S 


S 


0.139078 


111 


M111H 


! H 


0.192733 


111 


M111G 


G 


0.315165 


111 


Ml IIP 


P 


0.566892 


111 


Ml HE 


E 


0.668985 


111 


M111L 


L 


0.67115 


111 


Mil IK 


K 


0.706165 


111 


Mil IT 


T 


0.763332 


111 


Mil IF 


F 


0.776934 


111 


Mil ID 


P 


0.78777 


111 


Mil IV 


V 


0.92522 


112 


S112Y 


Y 


<0.01 


112 


S112R 


R 


<0.01 


112 


S112P 


P 


O.01 


112 


S112H 


H 


0.380254 


! 112 


SI 12V 


V 


0.479716 


112 


S112M 


M 


0.564157 


! 112 


S112W 


W 


0.582165 


112 


S112K 


K 


0.678369 


112 


S112T 


T 


0.721644 


112 1 


S112N 


N 


0.850159 



Table 10-5. PAD Assay Results 


Position 


tt i/ros/ 
Mutation 

ITJ. U IA UvlJ 


Variant 


Mr AM feri. 
Tnri 

JU1UU 


112 


S112F 


F 


0.878895 1 


112 


S112A 


A 


0.943049 


113 


V113S 


S 


0.572415 


113 


V113G 


G 


0.579385 ! 


113 


V113K 


K 


0.716865 


113 


V113H 


H 


0.763416 


113 


V113W 


W 


0.803685 


113 


V113L 


L 


0.854963 


113 


V113T 


T 


I 0.861744 


113 


V113D 


D 


0.871104 


113 


V113E 


E 


0.936465 ! 


113 


V113C 


C 


0.937598 


113 


V113F 


F 


0.959822 


113 


V113Y 


Y 


0.981976 


114 


L114H 


H 


<0.01 


114 


L114E 


E 


<0.01 


114 


L114F 


F 


<0.01 


114 


L114K 


K 


<0.01 


114 


L114R 


R 


<0.01 


114 


L114W 


W 


<0.01 


114 


L114Y 


Y 


<0.01 


114 


L1140 


Q 


0.115737 


114 


L114P 


p 


0.275464 


114 


L114S 


S 


0.545726 


114 


LI 14V 


V 


0.595416 


114 


L114N 


N 


0.77333 


115 


V115H 


H 


<0.01 i 


115 


V115K 




<0.01 


115 


VI 151 1 


I 


0.994833 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


' 1 1 A 


T1 1 AV 
1 1 IO I 


V 


0 4661 12 


1 1 A 
HO 


IllOV 


v 

V ! 


0 571817 


1 1 a 

\ 1 lo 


T1 1 Al> 
_1 1 lOK 


XV 


0 61 QR93 


1 lo 


T1 1 AT 

1 1 IO Li 


T 

X-r 


0 681201 


1 1 A 

llo 


T1 1 AW 
1 1 IOW 


W { 


0 748358 


1 1 A 

1 lo 


T1 1 AT 

lllol 


T 
1 


0 760474 


1 1 A 


T*1 1 AO 
1 1 iOKJ 


r\ 
KJ 


0 768867 


1 1 A 

UP 


T1 1 AD 
1 1 lOJr 


p 


0 836786 


l lo 


Ti 1 An 


c* 


0 001 886 


1 1 A 

llo 


T1 1 AT? 

1 1 ion 




0 0061 24 


1 1 A 

1 io 


*T1 1 A A 
1 1 IO J\ 


A 

rx. 


0 052003 


1 1 A 
1 IO 


Ti 1 AQ 


O 

l3 


0 063005 


117 

1 11/ 


ni 1 7W 
yji 1 / w 


w 


0 707035 


117 
117 


011 H\T 


v 

V 


0 761071 

VJ. / VJ 17 / X 


1 1 *7 


Ul 1 /vJ 


VJ 


0 704858 


117 
11/ 




C 
O 


0 86512 


118 


V118K 


K 


<0.01 


118 


V118W 


W 


<0.01 


118 


V118E 


E 


<0.01 


118 


V118R 


R 


0.069623 


118 


V118P 


P 


0.222399 


118 


V118D 


D 


0.40168 


118 


VI 181 


I 


0.545694 


118 


V118G 


G 


0.559239 


118 


V118S 


S 


0.815888 


118 


V118A 


A 


0.852723 


118 


V118T 


T 


0.91759 


118 


V118M 


M 


0.933469 


! 118 


! V118F 


F 


0.998467 



PCT/US2004/040438 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Ferl. 
inut 


119 


L119G 


G 


<0.01 


119 


L119S 


S 


<0.01 


119 


L119F 


F 


<0.01 


119 


L119R 


R 


<0.01 


119 


L119P 


P 


<0.01 


119 


L119T 


T 


0.102922 


119 


L119N 


N 


0.113151 


119 


LI 19V 


V 


0.150373 


119 


L119W 


W 


0.203313 


119 


L119C 


c ! 


0.244106 


119 


L119D 


D 


0.280381 


119 


L119E 


E 


0.322167 


119 


LI 191 


I 


0.427476 


119 


L119H 


H 


0.462912 


119 


L119Y 


Y 


0.556343 


120 


T120P 


P 


<0.01 


120 


T120H 


H 


0.498304 


120 


T120R 


R 


0.599376 


120 


T120A 


A 


0.663543 


120 


T120O 


0 


0.781096 


120 


T120C 


C 


0.924433 


121 


S121P 


P 


0.384623 


121 


S121R 


R 


0.701237 


121 


S121W 


W 


0.772781 


121 


S121K 


K 


0.77795 


121 


S121G 


G 


0.992545 


122 


A122G 


G 


<0.01 


122 


A122D 


D 


0.059137 


122 


A122F 


F 


0.148369 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ , 
Mutation 


Variant 


PAD Pert . 
Ind. 


122 


A 1 OnTJ 

A 122rl 


TT 

n 


ft 1 fkQAA% 


1 00 

122 


A 1 Ont> 

A122K 


TO 

Jv 


ft *\Qfk(\A\ 


122 


a i ono 

A122IS 


Q 

O 




122 


A 1 A AT/" 

A122K 


V' 


a A^ni fK 


1 a a 
122 


A 1 OOE 

A122b 


xi ! 


U.*fO / / Ou 


122 


A 1 OOHP 

A1221 


T 


A s9ft45A 


122 


A 1 OOTJ 

A122P 


r% 

r 


A C/IOI <C 


122 


A 1 OOT 

A122I 


1 


A HAHACtf* 
U.O^i /*fUO 


I 122 


A 1 OOXT 

A122N 


XT 

JN 


A TAA08A 
U./U4Z84 


1 a a 

1 22 


A 1 OOA 




U. /*fl3o / 


122 


A 1 OOIIT 

A122W 


XXT 

w 


A QAOO^ 
U.oOZZOj 


1 A A 

122 


a 1 noir 
A122V 


V 




1 A A 

122 


A122M 


JVL 


ft Q*Rfc55 


124 


G124I 


T 

_ 1 


<rft HI t 


1 A y| 

124. 


G124ri 


TT 

ri 




124 


G124M 


JVl 


<rft 01 





01 24W 


W 


<0.01 


124 


G124P 


P 


<0.01 


124 


G124A 


A 


0.031196 


124 


G124Q 


0 


0.208313 


124 


G124T 


T 


0.315233 


124 


G124V 


V 


0.329769 


124 


G124R 


R 


0.409769 


124 


G124L 




0.536625 


124 


G124S 


s 


0.555215 


124 


G124Y 


Y 


0.559199 


124 


G124N 


N 


0.599171 


124 


G124D 


D 


0.63784 


I 124 


G124C 


c 


0.672179 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ , 
Mutation 


Variant 


PAD Perf . 
lnu. 


124 


G124F 


F \ 


0.950801 


1 




w 


0 24527 


I ZD 


\/1 O^T? 




0 385171 


IOC 

1Z3 | 


\/1 05P 


P 

IV 


0 466062 


1Z5 


V IZ3v> 


r* 


0 541228 


IOC 

125 


vizsjj 


n 


a 541^1 8 


IZj 


Vl_25f 


p 




ior 
123 


\/1 IKE 


p 
r 


0 627367 


1 


Vi 25fr 


c 

13 


0 790998 


125 




v 

* 


0 813593 


125 


\/1 A 


A 


0 925641 


125 


V 1231 


T 
1 


0 941326 


126 


G126I 


I 


<0 01042634 
7441542 


126 


G126V 


V 


0.175001 ! 


126 


G126Y 


Y 


0.234673 


126 


G126L 


L 


0.540613 


126 


G126A 


A 


0.552538 


126 


G126E 


! E 


0.599533 


126 


G126P 


P 


0.673809 


126 


G126T 


T 


0.737666 


126 


G126R 


R 


0.761417 


126 


G126N 


N 


0.846727 


126 


G126S 


S 


0.902662 


126 


G126C 


C 


0.980807 


127 


T127L 


L 


O.01 


127 


T127E 


E 


<0.01 


127 


T127Q 


0 


0.151533 


127 


T127I 


I 


0.203586 
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Table 10-5. PAD Assay Results 


Position 


WT/Pns/ 
Mutation 


Variant 


Ind. 


127 


T127H 


H 


0.60105 


127 


T127D 




0.61747 


127 


T127M 


M 


0.639504 


127 


T127C 


C 


0.653314 


127 


T127V 


V 


0.683337 


127 


T127G 


G 


0.710564 


127 


T127P 


P 


0.773291 


127 


T127S 


s 


0.828003 


128 


T128D 


D 


0.662836 


129 


Y129W 


W 


<0.01 


129 


Y129G 


G 


O.01 


129 


Y129K 


K. 


<0.01 


129 


Y129V 


v 


<0.01 


129 


Y129T 


T 


0.138769 


129 


Y129A 


A 


0.173554 


129 


Y129R 


R 


0.178362 


129 


Y129M 


M 


0.211662 


129 


Y129D 


D 


0.228506 


129 


Y129L 


L 


0.270643 


129 


Y129N 


N 


0.530034 


129 


Y129P 


P 


0.588917 


129 


Y129C 


C 


0.610384 


129 


Y129S 


s 


0.692051 


129 


Y129F 


F 


0.713199 


! 146 


P146W 


W 


0.680806 


146 


P146T 


T 


0.756105 


146 


P146V 


V 


0.768041 


146 


P146S 


S 


0.956673 


148 


P148Q 


Q 


0.975963 



Table 10-5. PAD Assay Results 


Position 


▼V LfrOSf 

IVTiitsitiofi 
ljm. uia uvu 


Variant 


n A TV Da**? 

rAU Jreri. 
mil* 


149 


W149R 


R 


<0.01 


149 


W149E 


E 


<0.01 


149 


W149P 


P 


<0.01 


149 


W149C 


C 


0.1164 


149 


W149I 


I 


0.235936 


149 


W149A 


A 


0.311848 


149 


W149S 


S 


0.329233 1 


149 


W1490 


o 


0.402387 


149 


W149T 


T 


0.440303 


149 


W149G 


G 


0.44856 


149 


W149M 


M 


0.494615 i 


149 


W149F 


F 


0.495779 


149 


W149L 


L 


0.637667 


149 


W149Y 


Y 


0.747652 


150 


F150P 


P 


0.31768 


150 


F150N 


N 


0.362798 


1 150 


F150G 


G 


0.458431 ! 


150 


F150V 


V 


0.511676 


150 


F150A 


A 


0.539571 


150 


F150T 


T 


0.580879 


150 


F150W 


W 


0.622886 


150 


F150M 


M ! 


0.625886 


150 


F150E 


E 


0.727755 


150 


F150C 


C 


0.778063 


150 


F150I 


I 


0.78431 


150 


F150K 


K 


0.848249 


153 


I153N 


N 


0.890296 


154 


F154T 


T 


<0.01 


154 


F154D 




<0.01 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf . 
Ind. 


1 SA 


P1 SAT? 


F 

d 


<o oi 


1 SA 




VJ 




1 SA 

-134- 


PI SAT 


T 

Lj 


<o oi 


1 SA 


17 1 SAP 


P 


<0 01 


1 SA 


PI SA\/ 


v 

V 


<0 01 


1 SA 


171 SAQ 


c 
o 


o 09nifn 

u.zo/ /o/ 


1 ZA 


171 SAO 


KJ 


O 07^900 


1 OA 
1?4 


TIOAQ 


Q 
O 


<0 01 


1 OA 


T1 OA A 


A 


<:0 OI 


1 OA 


1194L, 




<0 01 


1 OA 


T1 OAP 

1 1 V4r 


p 


<0 01 


10A 

194 


T1 OAP 


p 

£ 


<:0 01 


1 0A 


T1 OAW 


w 


<0 01 


1 OA 


T1 OAP 


p 


<0 01 


1 0A 


T1 OAV 


v 

I 


<0 01 


1 OA 
194 


T1 OAfi 


VJ 


0 044S0 4 * 


194 


I194L 


L 


0.577811 


194 


I194V 


V 


0.780569 


196 


F196H 


H 


<0.01 


196 


F196G 


G 


<0.01 


196 


F196S 


S 


<0.01 


196 


F1960 


Q 


1 <0.01 


196 


F196A 


A 


1 <0.01 


196 


F196K 


K 


<0.01 


196 


F196N 


N 


<0.01 


196 


F196R 


R 


<0.01 


196 


F196W 


W 


0.38122 


196 


F196P 


P 


0.385754 


196 


F196V 


V 


0.675769 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


196 


F196M 


M 


0.709899 


196 


F196Y 


Y 


0.970105 
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The following Table provides variants that are better than wild-type at degrading 
5 peracids (i.e., the performance index for the variant is better than the wild-type). 



Table 10-6. Variants with 




Table 10-6. Variants with 




Peracid Degradation Greater 


Peracid Degradation Greater 


Than Wild-Type 




Than Wild-Type 




Pos. WT/Pos./Var.PAD PI 


Pos. WT/PosJVar.PAD PI 


1 \vfAfl1T 
1 IV1UU11 


1 10 

1.17 


5I005M 


1.09 


I JV1UU1 Lj 


2 11 

JLt X X 


5I005E 


1.59 




1 OS 


5 1005L 


1.63 




1 17 


5I005A 


1.88 


2A002W 


1.17 


5I005C 


2.47 


2A002P 


1.17 


5I005D 


3.11 


2A002Q 


1.29 


6L006C 


1.22 


2A002E 


1.38 


6L006M 


1.44 


3K003T 


1.03 


6L006A 


1.99 


3K003S 


1.17 


7C007A 


1.03 


3K003Q 


1.19 


7C007H 


1.37 


3K003R 


1.29 


7C007I 


1.48 


3K003Y 


1.39 


7C007E 


1.63 


3K003M 


1.44 


7C007K 


2.95 


3K003P 


1.45 


8F008M 


1.11 


3K003C 


1.52 


8F008L 


1.31 


3K003L 


1.84 


8F008A 


1.33 


3K003H 


1.89 


8F008C 


4.01 


3K003A 


2.14 


10D010L 


2.04 


3K003I 


2.44 


13T013I 


1.05 


3K003E 


3.51 


13T013E 


1.09 


3K003G 


3.74 


13T013L 


1.47 


4R004D 


1.18 


13T013M 


1.47 


4R004C 


1.34 


13T013C 


1.55 


4R004P 


1.44 


13T013A 


1.88 


4R004A 


1.64 


13T013N 


2.61 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos7Var.PADPI 



1 ^P 


2 73 


10 wuiuxv 


1 03 


10 WUlOx 


1 06 


10 WUlOl 


1 09 


1 /C\X7fi1 AT 
10 WU1 Oiv 


1 16 


1 / VUl /o 


1 04 


1 epm sxr 
lo JrUloIN 


1 42 


1 Q Pfl1 sin 
1 o Jr U 1 


3 26 


1 q phi ftp 

loir UloJv 




lo.rUlov-/ 


4 16 

■T. XV/ 


1 0 rU 1 0 1 


4 17 

*T. X / 


1KP018V 

lOlulO V 


4,85 


lo rUloJd 


4 87 


i q pai sin 

lo JrUlovJ 


4 96 


1 Q Prt1 CT-T 
lorUlon 


6 OS 


1 Q PHI QT 

lo JrUlOl-r 


7 40 


on "Rnonn 


1 14 

X • a » 


ZU DUZUo 


1 18 


on T?noniT 
zu jDUzun 


1 20 


ZU HUZU 1 


1 95 


20E020V 


1.27 


20E020A 


1.28 


20E020W 


1.30 


20E020N 


1.34 


20E020P 


1.43 


20E020Q 


1.56 


20E020C 


1.76 


21D021S 


1.11 


21D021E 


1.39 


21D021F 


1.41 


21D021W 


1.44 


21D021L 


1.57 


21D021A 


1.75 


21D021G 


1.76 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos^Var.PAD PI 



21D021K 


1.80 


21D021Y 


2.01 


22G022I 


1.03 


22G022T 


1.16 


22G022E 


1.19 


22G022L 


1.35 


22G022P 


1.36 


22G022O 


1.44 


22G022A 


1.66 


23A023H 


1.04 


23A023L 


1.30 


24P024C 


1.04 


24P024K 


1.36 


24P024L 


1.51 


26E026M 


1.10 


26E026H 


1.19 


26E026D 


1.39 


26E026A 


1.45 


26E026K 


1.47 


26E026L 


1.71 


27R027I 


1.41 


27R027K 


1.55 


27R027L 


2.60 


27R027A 


2.78 


28F028E 


1.04 


28F028W 


1.17 


28F028C 


1.21 


28F028Y 


1.36 


28F028M 


1.37 


28F028A 


1.48 


28F028L 


2.02 


28F028D 


2.07 


29A029C 


1.15 


30P030H 


1.08 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar.PAD PI 



30P030G 


1.09 


30P030R 


1.14 


30P030L 


1.17 


30P030E 


1.24 


30P030Y 


1.31 


30P030I 


1.38 


30P030K 


1.39 


30P030S 


1.49 


30P030T 


1.64 


30P030V 


1.74 


31D031V 


1.08 


31D031T 


1.11 


31D031Q 


1.13 


31D031W 


1.14 


31D031G 


1.16 


31D031A 


1.18 


31D031S 


1.23 


31D031F 


1.39 


31D031R 


1.49 


31D031N 


1.55 


31D031L 


1.61 


32V032S 


1.09 


32V032N 


1.61 


32V032W 


1.71 


32V032Q 


1.74 


32V032G 


2.65 


32V032M 


3.41 


32V032I 


3.51 


32V032A 


3.64 


32V032E 


3.92 


32V032D 


4.19 


32V032L 


4.72 


32V032K 


4.73 


33R033S 


1.01 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosjVar.PAD PI 



33R033N 


1.30 


33R033A 


1.32 


33R033C 


1.73 


33R033G 


2.63 


33R033K 


2.72 


33R033L 


2.90 


34W034P 


1.21 


34W034M 


1.22 


34W034C 


1.49 


34W034A 


2.29 


35T035M 


2.72 


35T035A 


3.85 


35T035C 


4.72 


35T035I 


5.38 


35T035E 


5.73 


36G036C 


1.06 


36G036A 


1.07 


36G036H 


1.10 


36G036K 


1.71 


36G036I 


1.81 


36G036L 


2.49 


36G036D 


2.50 


37V037I 


1.04 


37V037L 


1.16 


37V037S 


1.49 


37V037N 


1.52 


37V037C 


1.63 


37V037A 


2.00 


37V037P 


2.10 


38L038V 


1.12 


39A039W 


1.02 


39A039Y 


1.13 


40Q040N 


1.00 


40Q040I 


1.10 



276 



WO 2005/056782 



PCT7US2004/040438 



GC821-2 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos/Var.PAD PI 



40Q040E 


1.28 


40Q040R 


1.48 


40Q040L 


1.49 


40Q040D 


1.59 


40Q040S 


1.65 


40Q040T 


1.81 


40Q040Y 


2.02 


40Q040G 


2.17 


40Q040W 


2.59 


40Q040K 


3.64 


41Q041G 


1.09 


41Q041H 


1.14 


41Q041R 


1.27 


41Q041K 


1.61 


41Q041L 


1.92 


41Q041A 


2.58 


42L042F 


1.02 


42L042P 


1.34 


42L042K 


1.41 


42L042C 


1.43 


43G043A 


1.07 


43G043L 


1.82 


43G043E 


1.88 


44A044C 


1.92 


45D045F 


1.04 


46F046C 


1.16 


46F046A 


1.25 


46F046E 


1.31 


46F046D 


1.39 


46F046M 


1.42 


46F046K 


1.46 


46F046P 


1.50 


46F046L 


1.54 


47E047L 


1.02 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosTVar.PAD PI 



47E047K 


1.06 


47E047G 


1.10 


47E047I 


1.15 


48V048Q 


1.39 


48V048F 


1.42 


48V048A 


1.63 


48V048M 


1.79 


48V048C 


2.25 


48V048L 


2.29 


48V048P 


3.08 


49I049Y 


1.02 


49I049M 


1.02 


49I049L 


1.03 


49I049G 


1.12 


49I049K 


1.26 


49I049A 


1.87 


50E050P 


1.02 


50E050M 


1.04 


50E050G 


1.11 


50EO5OD 


1.22 


50E050A 


1.23 


51E051T 


1.17 


51 E051M 


1.20 


51E051D 


1.28 


51E051G 


1.34 


51E051K 


2.00 


51E051A 


2.72 


52G052W 


2.47 


53L053H 


1.70 


54S054N 


1.29 


54S054P 


1.30 


54S054A 


1.41 


55A055N 


1.05 


55A055K 


1.08 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos./Var.PAD PI 





1.26 


57 T057S 
D I i yjj i o 


1.01 


D / JLUD /VJ 


1 05 


Do lUDoL 


1 12 


Do ll/Dolx 


1 49 




1 86 


Dy INl/Dy 1 


5,63 


Dy INv/DyD 


7 32 


Dy iNUDyiv 


8 21 


Dy jNUDyn 


✓.oo 


5QM05QV 


9 97 


Dy jNUDyo 


10 00 


Dy JNUDyr 


10 23 


Dy JNUDy/v 


1044 


Dy isuDy i 


11 14 

XI* x~ 


Dy JNUDyi^ 


11 23 


Dy iNUDyjLJ 


11 72 


Dy iNUDy w 


12 80 


WW05QT 


14.74 


mane* 


1 04 


60I060V 


1.06 


60I060H 


1.07 


60I060Y 


1.19 


61D061P 


1.13 


61D061Q 


1.16 


61D061L 


1.20 


61D061G 


1.25 


61D061S 


1.35 


61D061R 


1.59 


61D061I 


- 1.66 


61D061H 


1.67 


61D061K 


1.72 


63P063K 


1.02 


63P063V 


1.04 



PCT/US2004/040438 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos./Var.PAD PI 



63P063Q 


1.05 


63P063W 


1.11 


63P063G 


1.22 


63P063L 


1.23 


63P063T 


1.32 


64T064G 


1.08 


64T064M 


1.09 


64T064A 


1.20 


64T064L 


1.22 


66P066S 


1.02 


66P066T 


1.10 


69N069D 


1.11 


69N069A 


1.13 


69N069Q 


1.14 


69N069C 


1.20 


69N069L 


1.20 


69N069S 


1.42 


69N069T 


1.43 


69N069H 


1.52 


69N069K 


1.59 


69N069V 


1.73 


69N069I 


1.75 


70G070L 


1.01 


70G070A 


1.41 


70G070H 


1.90 


71A071K 


1.01 


71A071M 


1.11 


72S072F 


1.15 


72S072G 


1.76 


72S072M 


2.13 


72S072C 


2.18 


72S072H 


2.48 


72S072N 


2.85 


72S072A 


3.52 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar. PAD PI 



73Y073M 


1.13 


73Y073C 


1.20 


73Y073A 


1.40 


74L074F 


1.13 


74L074M 


1.21 


74L074A 

# IT X^V/ / Til 


2.90 


75P075E 


1.19 


75P075L 


1.19 


75P075W 


1.31 


75P075Y 


1.32 


75P075V 


1.39 


75P075C 


1.42 


75P075D 


2.09 


76S076C 


1.06 


76S076T 


1.11 


76 S076A 


1.11 


76S076H 


1.11 


76S076P 


1.20 


76S076V 


1.35 


76S076K 


1.53 


76S076M 


1.61 


76S076D 


1.94 


76S076E 


2.09 


76S076G 


2.15 


76S076L 


4.70 


77C077T 


1.03 


77C077D 


1.05 


78L078T 


1.10 


78L078I 


1.11 


78L078G 


1.38 


78L078H 


1.57 


80T080V 


1.01 


80T080Q 


1.07 


80T080A 


1.11 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than WUd-Type 
Pos. WT/PosyVar.PADPI 



80T080C 


1.15 


80TO8OS 


1.40 


80T080G 


1.50 


81H081N 


1.00 


81H081L 


1.03 


81H081W 


1.09 


81H081C 


1.09 


81H081A 


1.45 


81H081M 


1.54 


82L082M 


1.06 


83P083C 


1.01 


83P083R 


1.09 


83P083N 


1.10 


83P083K 


1.16 


83P083E 


1.26 


83P083M 


1.88 


83P083A 


2.36 


84L084F 


1.01 


84L084G 


1.01 


85D085R 


1.03 


85D085A 


1.09 


85D085H 


1.24 


85D085E 


1.25 


85D085C 


1.50 


85D085G 


1.60 


85D085F 


1.98 


86L086C 


2.44 


86L086A 


3.32 


87V087P 


1.64 


87V087C 


2.22 


87V087L 


4.30 


88I088M 


1.09 


88I088P 


3.51 


89I089L 


1.22 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar.PAD PI 



89I089A 


1.83 


89I089P 


1.91 


90M090C 


1.09 


90M090E 


1.15 


90M090A 

J\J J.YA V/ *s VfJTx. 


1.41 


90M090D 


2.88 


91 T 0911 

37 X XJ\JZ7 1 L 


1.05 


91 L091C 


1.27 


91 T 091 A 

Z* x JLA/7 in 


1.45 


91 L091D 


1 47 


92G092C 


2.05 


Q1T093A 


LOS 


96T096F 


1.24 


96T096G 

A V71/VJ 


1.28 


96T096L 


1 93 


96T096M 


2 53 


96T096C 


3.76 


96T096A 


4.20 


98A098Y 


1.15 


98 A098P 

yO x\U701 


1.26 


98A098N 


1.40 


98A098C 


1.42 


98A098L 


1.47 


98A098D 


2.19 


100F100C 


1.28 


100F100T 


1.42 


100F100N 


1.45 


100F100A 


2.02 


100F100M 


2.19 


101R101L 


1.12 


102R102Q 


1.19 


102R102Y 


1.29 


102R102L 


1.64 


102R102A 


1.79 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wad-Type 
Pos. WT/PosWar.PAD PI 



104P104V 


1.02 


104P104H 


1.03 


104P104N 


1.44 


104P104C 


1.83 


104P104E 


1.97 


104P104I 


2.05 


104P104M 


2.24 


105L105Q 


1.04 


105L105H 


1.23 


105L105R 


1.25 


105L105G 


1.40 


105L105W 


1.71 


105L105F 


1.73 


105L105C 


1.92 


106D106S 


1.02 


106D106W 


1.07 


106D106E 


1.09 


106D106C 


1.10 


106D106A 


1.13 


106D106H 


1.18 


106D106K 


1,24 


106D106T 


1.38 


106D106F 


1.45 


106D106G 


1.45 


106D106V 


1.68 


107I107L 


1.04 


107I107S 


1.33 


107I107C 


1.41 


107I107T 


1.53 


108A108S 


1.00 


108A108G 


1.13 


108A108L 


2.56 


108A108K 


2.97 


110G110A 


1.01 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos7Var.PADPI 



110G110D 


1.40 


1 10G110C 


1.43 


110G110E 


1.76 


1 10G110F 

1 iv VJ X X v/x 


2.29 


X X JL X VX XXX 


1.01 


111 M111A 

XXX XVX X X XjTTL 


1.02 


111M111I 

XXX XVXX XXX 


1.03 


111M111Y 

xxx xvxx xxx 


1.06 


111M111W 

XXX XVXX X X IT 


1.23 


111 Mil IN 

XXX XVXX X HI 


1.31 


112S112L 

X 1<U Ul X fit I. * 


1.00 


112S112E 

X X %J X X f**t 


1.16 


113V113M 


1.06 


113V1130 

X X -J V x x-/v^ 


1.11 


113V113R 

1 1«/ V X x «sx%. 


1.11 


1 13 V113P 

11J V X X w/X 


1.14 


113 V113N 

X X -J V X X fc/X ^ 


1.22 


113V113A 

X X fcJ V XX«SX&. 


1.31 


114L114T 


1.05 


1 14L114A 

117 X-/ X X Til 


1.07 


114L114G 


1.14 


114L114C 


1.14 


114L114I 


1.17 


114L114M 


1.28 


115V115C 


1.08 


115V115S 


1.14 


115V115Q 


1.15 


115V115A 


1.19 


115V115T 


1.28 


115V115L 


1.30 


115V115M 


1.32 


115V115R 


1.63 


115V115F 


1.69 


115V115G 


1.76 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos./Var.PADPl 



115V115Y 


2.07 


115V115D 


2.21 


115V115P 


2.21 


115V115W 


2.48 


116T116N 


1.05 


116T116C 


1.05 


116T116H 


1.08 


116T116M 


1.39 


117Q117F 


1.02 


117Q117R 


1.05 


117Q117T 


1.10 


117Q117H 


1.12 


117Q117Y 


1.13 


117Q117P 


1.13 


117Q117E 


1.21 


117QU7A 


1.73 


117Q117M 


1.89 


118V118L 


1.05 


118V118C 


1.14 


118VU8Y 


1.34 


118V118Q 


1.50 


119L119A 


1.02 


120T120V 


1.07 


120T120S 


1.07 


120T120K 


1.09 


120T120M 


1.22 


120T120L 


1.26 


120T120N 


1.42 


120T120E 


1.53 


120T120I 


1.56 


120T120Y 


1.61 


121S121E 


1.04 


121S121N 


1.06 


121S121Q 


1.09 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos./Var.PADPI 



121S121T 1-26 

121S121L 149 

121S121A 155 

121S121V 1-59 

121S121C 164 

122A122L 1.02 

123G123K 1.12 

123G123A 1.19 

123G123Y 1.24 

123G123M 1.38 

123G123L 138 

123G123W 139 

125V125G 109 

126G126M 1.17 

126G126D 1-22 

127T127A 1.10 

128T128M 106 

128T128H 108 

128T128V 1.15 

128T128P 1.16 

128T128W 123 

128T128S 1-27 

128T128A 1-31 

128T128Q 134 

128T128N 1-36 

128T128K 1-57 

128T128R 1-70 

128T128F 1-71 

128T128L 1-72 

128T128Y 181 

131A131R 1-04 
132P132N 105 

132P132L 2.24 
132P132E 3.02 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar. PAD PI 



132P132Y 4.78 

132P132G 4.98 

132P132S 5.05 

132P132C 5.68 

132P132A 6.08 

132P132Q 6.15 

133K133Y 1-44 

133K133L 1.92 

134V134C 1-37 

134V134G 1.42 

134V134S 1-44 

134V134L 145 

134V134A 1.64 

134V134P 1.71 

134V134M 1-89 

134V134N 2.80 

135L135D 2.90 

136V136T 1.13 

136V136L 113 

136V136C 1.23 

136V136A 160 

137V137M 1.13 

137V137L 1.27 

137V137C 1-42 

137V137A 1-46 

138S138G l.H 

138S138C 1.18 

138S138A 1-28 

138S138N 1-31 
138S138P 1-39 
140P140C 1.07 
140P140A 1-83 
140P140H 2.25 
140P140F 2.89 
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Table 10-6. Variants with 
Peracid Degradation Greater 



Than Wild-Type 




Pos. WT/PosJVar.PAD PI 


l'tUr IHUVJ 


3.11 


1 A1 P1 A\ A 
141 r 


1.08 


1 A*\ A 1 A1C* 
143 /VItOV^ 


1.07 


143 A1431i 


1 13 


143 A143U 


1 22 


1 A1 A 1 A'Xl 
143 A14Jtr 


1.28 


1 /II A 1 A^W 
143 Almoin 


1.36 


1 A1 A 1 A^If 
143 Al*r3J\. 


1.37 


1 AAP1 AA\A 
1441^*r c rJVl 


1.01 


1 A A P 1 AAT? 


1.08 


144 Jr l*Hfv£ 


1.08 


1 AAP1 AATf 
144.T 1*FHV 


1.09 


1 AA P 1 >tvTP 
144r I*t*flV 


1.14 


1 AAP1 AAJ 
144 Jr l*rrLj 


1 15 


1 AA pi d4T> 


1.38 


1 /I A PI AAKT 

144Jr 144JN 


1 49 


144P144H 


1.60 


144P144Y 


1.65 


146P146N 


1.00 


146P146G 


1.04 


146P146R 


1.06 


146P146M 


1.23 


146P146A 


1.36 


146P146Y 


1.44 


146P146F 


1.53 


146P146H 


1.57 


146P146C 


1.69 


146P146L 


2.00 


147H147Q 


1.03 


147H147W 


1.05 



147H147K 1-06 

147H147E 1.10 

147H147Y 1.12 

147H147C 1.17 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos./Var.PADPI 



147H147D 1.18 

147H147P 1.21 

147H147N 1.25 

147H147L 1.29 

147H147M 1.44 

148P148V 1.04 

148P148A 1.06 

148P148T 1-09 

148P148E 119 

148P148G 1.20 

148P148S 1-21 

148P148R 1.25 

148P148K 1.30 

148P148D 1-34 

148P148Y 1-37 

148P148L 139 

148P148F 150 

149W149H 1.01 

150F150Y 107 

150F150H 118 

150F150L 130 

151Q151P 1-91 

151Q151E 2.07 

151Q151K 2.19 

151Q151H 2.19 

151Q151S 2.25 

151Q151R 2.32 

151Q151T 2.37 

151Q151C 2.55 

151Q151Y 2.75 

151Q151D 2.81 

151Q151A 2.93 

151Q151M 6.36 

152L152M 1.10 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosTVar.PADPI 

152L152C 1.14 

152L152E 1.23 

152L152A 1.29 

152L152Y 137 

152L152W 155 

153I153V 115 

153I153A 1-49 

153I153L 1-50 

153I153T 1.62 

153I153S 166 

153I153F 175 

153I153P 187 

153I153H 2.00 

153I153K 2.44 

154F154Y 4.96 
155E155S 1.12 
155E155G 1.12 
155E155T 119 
155E155D 1-24 
155E155K 1.33 
155E155N 1-79 
155E155L 2.07 
155E155A 2.59 
155E155P 2.60 
155E155Y 2.65 
155E155M 2.91 
156G156S 1-04 
156G156K l.H 
156G156E 114 
156G156R 121 
156G156A 1.21 
156G156P 129 
156G156C 1-37 
156G156N 1-38 



Table 10-6. Variants with 
Peracid Degradation Greater 



Than Wild-Type 




Pos. WT/Pos./Var.PAD PI 


156G156H 


1.40 


156G156Y 


1.40 


156G156T 


1.53 


156G156M 


1.62 


156G156D 


1.62 


157 Gl 571 


1.33 


157G157F 


1.42 


157G157K 


1.47 


157G157H 


1.57 


158E158H 


1.01 


158E158P 


1.19 


158E158Q 


1.24 


158E158S 


1.27 


158E158A 


1.28 


158E158R 


1.29 


158E158W 


1.31 


158E158C 


1.37 


158E158N 


1.58 


158E158M 


1.73 


158E158F 


1.77 


158E158K 


1.88 


158E158L 


1.96 


158E158Y 


2.48 



159Q159H 

160K160N 

160K160A 

160K160R 

160K160D 

160K160C 

160K160Q 

160K160M 

160K160P 

161T161L 

161T161V 



1.48 

1.12 

1.14 

1.15 

1.19 

1.29 

1.41 

1.47 

1.66 

1.16 

1.24 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos/Var. PAD PI 



1 ai ti ai r% 
101 1 ioiv^ 


1 


1 A 1 TI A1X/T 
101 1 101JM 


1 79 
1 . /Z 


1 A1 T1 A1V 
101 1 101 I 


0 AO 
Z.OZ 


1 £J"% TI /COD 

102 1 102K 


1 03 
l.ZJ 


102 1 102<jr 


1 CO 
l.oZ 


1 ^1 T1 iCOC 

102 1 102a 


o m 

Z.Ul 


1 AO TI AOW 

102 1 102W 


0 f\A 


1 AO T1 AOT 

102 1 1021 


O 01 
Z.Zl 


102 1 102v£ 


O 


1 iCO T1 AO"V 

102 1 102Y 


o so 


1 AO TI A01T 
lOZ 1 lOZxv 




1 /CO TI AOT? 

102 1 1021* 


3 03 


1 AO T1 AOA/T 

102 1 102M 


3 AO 


102T1O2C 


3 ^o 


1 T1 iCOT 
102 1 102Lr 




1 £1 T1 AOTVT 

102 1 102JN 




1 AO TI AOTI 

102 1 102x1 


3 Ol 


1 £Sl TI AOT) 

102 1102F 




1 AI 13 1 A1XT 

103H103IN 


i nn 


163Elo3C 


l.Uo 


163E163D 


1.08 


163E163A 


1.79 


163E163Y 


1.89 


163E163L 


1.94 


164L164Q 


1.01 


164L164V 


1.02 


164L164S 


1.11 


164L164M 


1.26 


164L164N 


1.31 


164L164R 


1.61 


164L164P 


2.41 


165A165G 


1.07 


165A165V 


1.13 


165A165N 


1.20 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos7Var. PAD PI 



165A165R 


1.29 


165A1650 


1.32 


165A165T 


1.32 


165A165P 


1.34 


165 A165C 


1.42 


165A165T 


1.55 


165A165M 

1UJ .TV 1 \S*SXVX 


1.56 


165 A165D 


1.69 


1 66 R166W 

X V/vJ XV 1 vl VJ TV 


1.08 


1 66R166F 

1 SJ\J XV X V/UX 


1.10 


166R166K 

X UU XV X vUlV 


1.20 


166R166N 


1.21 


1 66 R166Y 

X vy\J XV X KJyJ X 


1.22 


166R166M 

X Vv XV X vviVl 


1.29 


1 66 Rl 661 

X vv XV X vv/1 


1.39 


1 66 R166P 

X UU XV x wx 


1.50 


1 66 R166L 

X V/ v XV X vvU 


1.50 


166R166A 

X vv I.vi vv/i » 


1.51 


166R166D 


1.55 


166R166H 

1 \J\J XV J. wUI X 


1.56 


167V167I 


1.00 


167V167S 


1.86 


167V167H 


2.11 


167V167Y 


2.15 


167V167R 


2.25 


167V167Q 


2.41 


167V167T 


2.47 


167V167L 


2.56 


167V167G 


2.83 


167V167M 


3.84 


167V167A 


4.99 


167V167C 


5.37 


167V167D 


5.54 


167V167P 


6.08 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar. PAD PI 

168Y168F 5.17 

168Y168L 5.39 

169S169Y 1.10 

169S169A V 13 

169S169R 119 

169S169K 1.27 

169S169Q 1-37 

169S169C 1.38 

169S169M 140 

169S169L 1.47 

169S169I 153 

170A170C 106 

170A170E 117 

170A170F 117 

170A170N 1.17 

170A170M 128 

170A170D 132 

170A170P 133 

171L171H 107 

171L171G 1.33 

171L171Y 1.35 

171L171T 136 

171L171V 1.39 

171L171I 142 

171L171K 1-53 

171L171A 166 

171L171C 1.73 

171L171S 1-76 

171L171Q 1.93 

171L171F 197 

171L171M 2.22 

171L171N 2.79 

172A172M 1-06 

172A172L 1-22 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wad-Type 
Pos. WT/PosJVar.PAD PI 

172A172D 1.42 

172A172Y 1.76 

173S173T 1.29 

173S173H 1.49 

173S173I 2.22 

173S173F 2.30 

173S173R 2.47 

173S173V 2.54 

173S173E 2.65 

173S173P 2.66 

173S173A 2.72 

173S173M 3.01 

173S173K 3.01 

173S173C 3.07 

173S173Y 3.54 

173S173W 3.67 
173S173L 3.86 
174F174H 1.05, 
174F174K 1.17 
174F174P 1.46 
174F174Y 1-66 
174F174L 1-83 
174F174A 2.09 
174F174M 2.20 
175M175N 1-02 
175M175E 1.43 
176K176C 1.01 
176K176R i-03 
176K176E 1-08 
176K176W 1.16 
176K176D 1.18 
176K176A 1-19 
176K176F 1-28 
176K176V 1.33 



286 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos./Var. PAD PI 



1 *7£\Jf 

lVOivl /OM 


1 %*x 


178F1 /oiv. 


1. /U 


1 TO HI TOT* 

178F1 /ol 


O Oft 
Z.Zo 


1 TO T»l TOXf 

178P178V 


T Tfl 
Z. /U 


1 TO D1 TOP 

178P178VJ 


T 


1 HO Til HOC 

178P178S 


o.UO 


1 TO Til ^OA 

178P178Q 


a AA 


1 TO T*1 TOX K 

178P178M 


1 or 


1 TO m TOT3 

178P178B 


4. ID 


1 TO HI TO A 

178P178A 


4.jy 


1 TO n 1 TOT*\ 

178P178D 


0.44 


1 TO T»1 lOV 

178P178Y 


A 01 

o.yi 


1 TO T»1 TOT 

178P178L 


7 iff 
/.ID 


179F179G 


1 1 j£ 
1.10 


1 Tf\ 1? 1 TAX 7 

179F179V 


1 1 T 
1.1 / 


1 Tf> T? 1 TAV 

179F179Y 


1 AT 


179F179B 


1 on 


1 Tfk T7 1 TAT 

179F179L 


1 CO 
1.89 


1 OA 171 OiXVLT 
180F180W 


1 fil 
l.ol 


180F180C 


1.94 


180F180I 


2.11 


180F180L 


2.13 


180F180A 


2.70 


180F180Y 


2.99 


180F180N 


3.05 


180F180V 


3.24 


180F180M 


4.36 


I8IDI8IA 


1.23 


183G183P 


1.02 


183G183R 


1.09 


183G183Y 


1.45 


183G183L 


1.50 


183G183C 


1.99 


184S184Y 


1.09 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosWar. PAD PI 



184S1840 


1.16 


184 SI 841 

X OT O X OTl 


1.21 


184 SI 84V 


1.25 


184S184F 

1 OT O 1 OTX 


1.27 


1K4^184K 


1.61 


184S184A 


1.69 


184S184M 

X Ot i3 X OTXVX 


1.77 


184S184E 

X 0*T O X OTX-r 


1.86 


184S184N 

X OT O X OTll 


1.93 


184S184L 

X Ot O X OTXw 


2.00 


184S184D 

X O" O X 0*TX-r 


2 24 


184S184P 

X Ot O x otv 


2 39 


1 85 VI 85F 

IOj V lOJl 


1.20 


18SV1850 
ioj v lojy 


1.41 


185V185M 


1.46 


186T186L 

X Ov X X OuL/ 


1.14 


186I186M 

X OSJ X X OVIXVX 


1.38 


186T186A 


1.79 


186T186D 


4.29 


1 R7^187l£ 

XO / OlO /IV 


1 16 


187S187D 


1.40 


187S187G 


1.46 


187S187L 


1.46 


187S187H 


1.51 


187S187I 


1.58 


187S187N 


1.59 


187S187C 


1.67 


187S187A 


1.72 


187S187M 


1.87 


188T188N 


1.69 


188T188E 


1.97 


189D189A 


1.18 


189D189T 


1.21 


189D189I 


1.27 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos/Var. PAD PI 



189D189L 


1.30 


190G190C 


1.17 


190G190Y 


1.39 


190G190P 


1.86 


190G190D 


2.02 


190G190H 


2.92 


190G190A 


3.42 


190G190M 


5.54 


191V191T 


1.03 


191V191R 


1.91 


191V191K 


2.17 


191V191F 


2.75 


191 V191C 


2.81 


191V191Y 


4.34 


191V191L 


4.69 


191V191A 


5.06 


191 V191E 


5.46 


191V191Q 


5.83 


191V191D 


6.03 


191 V191M 


7.34 


193G193S 


1.60 


193G193E 


3.15 


193G193Q 


4.29 


193G193V 


5.21 


195H195P 


1.16 


195H195M 


1.28 


195H195K 


1.33 


195H195Y 


1.49 


195H195E 


1.70 


195H195D 


1.93 


196F196I 


1.12 


196F196L 


1.17 


196F196C 


1.18 


197T197H 


1.24 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar.PADPI 



197T197A 


1.42 


197T197M 


2.38 


198E198T 


1.16 


198E198S 


1.18 


198E198F 


1.21 


198E198V 


1.44 


198E198Q 


1.46 


198E198A 


1.46 


198E198I 


1.48 


198E198L 


1.54 


198E198N 


1.67 


198E198P 


1.72 


198E198Y 


1.77 


198E198W 


1.78 


198E198C 


1.83 


198E198M 


1.86 


198E198R 


1.88 


199A199F 


1.15 


199A199H 


1.15 


199A199R 


1.17 


199A199T 


1.22 


199A199E 


1.31 


199A199D 


1.33 


199A199V 


1.45 


199A199K 


1.53 


199A199Y 


1.59 


199A199L 


1.65 


199A199C 


2.45 


201N201D 


1.64 


202R202M 


1.76 


202R202G 


1.82 


202R202S 


1.84 


202R202C 


1.93 


202R202A 


1.97 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar.PAD PI 



202R202I 


1 99 


202R202E 


2 05 


202R202L 


2 05 


909R909T 


2 06 


9ft9T?9fi9iT 


9 no 


202R202F 


2.16 


202R202W 


2.52 


203D203Q 


1.03 


203 D203S 


1.13 


203D203I 


1.19 


203D203N 


1.28 


203D203G 


1.33 


203 D203F 


1.34 


203D203H 


1.54 


203 D203P 


1.71 


203 D203R 


1.77 


203D203A 


1.96 


203D203L 


2.08 


203D203C 


2.09 



The following Table provides variants that exhibited peracid degradation that 
less than wild-type. 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosTVar. PAD PI 



1M001V 0.94 

2A002Y 0.46 

2A002N 0.59 

2A002V 0.60 

2A002I 0.61 

2A002T 0.61 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos./Var.PADPI 



2A002S 0.66 

2A002G 0.84 

2A002F 0.93 

3K003V 0.84 

4R004L 0.01 

4R004V 0.08 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos./Var. PAD PI 



4R004I 


0.15 


4R004W 


0.48 


4R004G 


0.79 


4R004S 

xv.\y \^ T U 


0.91 


4R004E 


0.97 


4R004Y 


0.98 


4R004H 


0.99 


4R004O 


0.99 


4R004T 


1.00 


5I005G 


0.01 


5I005N 


0.01 


5I005P 


0.01 


5I005R 


0.01 


5I005F 


0.15 


5I005S 


0.37 


5I005H 


0.63 


5I005T 


0.72 


5 1005 V 


0.92 


6L006S 


0.01 


6L006K 


0.01 


6L006G 


0.01 


6L006H 


0.01 


6L006R 


0.01 


6L006W 


0.01 


6L006E 


0.01 


6L006Q 


0.01 


6L006V 


0.35 


6L006T 


0.35 


6L006I 


0.82 


7C007S 


0.01 


7C007R 


0.01 


7C007Y 


0.54 


7C007M 


0.68 


7C007G 


0.69 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PAD PI 



8F008S 


0.01 


8F008R 


0.46 


8F008H 


0.64 


8F008G 


0.65 


8F008T 


0.77 


8F008K 


0.83 


8F008P 


0.83 


8F008V 


0.85 


8F008Y 


0.90 


8F008N 


0.96 


9G009H 


0.01 


9G009T 


0.01 


10D010W 


0.01 


10D010K 


0.01 


10D010Y 


0.01 


10D010T 


0.01 


10D010I 


0.01 


10D010V 


0.01 


10D010S 


0.01 


10D010G 


0.01 


10D010R 


0.01 


10D010A 


0.01 


10D010M 


0.01 


10D010N 


0.01 


10D010P 


0.01 


10D010E 


0.15 


11 SOI IT 


0.01 


11S0UV 


0.01 


11 SOI ID 


0.01 


11 SOI IE 


0.01 


11 SOI IF 


0.01 


US011G 


0.01 


11 SOUL 


0.01 


11S011Q 


0.01 
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Table 10-7. Variants with 
Pcracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos./Var.PAD PI 

11 sour o.oi 

11S011H 0.33 

11 SOI IK 0.40 

11 SOU A 0.53 

11 SOI II 0.56 

12L012V 0.01 

12L012S 0.01 

12L012G 0.01 

12L012R 0.01 

12L012D 0.01 

12L012P 0.01 

12L012W 0.02 

12L012T 0.06 

12L012A 0.07 

12L012K 0.13 

12L012H 0.16 

12L012F 0.17 

12L012Q 0.22 

12L012C 0.22 

12L012N 0.66 
13T013Q 0.51 
13T013V 0.63 
13T013S 0.68 
13T013G 0.77 
14W014I 0.01 
14W014S 0.01 
14W014G 0.01 
14W014K 0.01 
14W014V 0.01 
14W014L 0.01 
14W014T 0.01 
14W014R 0.01 
14W014N 0.01 
14W014P 0.01 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos/Var.PAD PI 

14W014E 0.15 

14W014F 0.22 

14W014A 0.27 

14W014Y 0.66 

15G015C 0.01 

15G015N 0.01 

15G015D 0.01 

15G015E 0.01 

15G015P 0.01 

15G015A 0.61 

15G015S 0.63 

16W016S 0.01 

16W016G 0.01 

16W016H 0.01 

16W016T 0.01 

16W016R 0.01 

16W016N 0.01 

16W016P 0.15 

16W016Q 0.31 

16W016M 0.37 

16W016A 0.55 

16W016D 0.57 

16W016E 0.65 

16W016V 0.88 

17V017A 0.68 

17V017E 0.75 

17V017G 0.84 

17V017K 0.84 
17V017F 0.85 
17V017T 0.86 
17V017Y 0.88 
17V017R 0.94 
17V017P 0.96 
17V017I 0.99 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosWar.PADPI 



17V017L 


1.00 


18P018S 

1 w X vluw 


0.07 


19V019P 

X ^ ▼ \J X ^X 


0.01 


19V019M 


0.12 


19V019R 


0.34 


19V019O 


0.40 


19V019A 

17 V V/ X -7-iV 


0.55 


19V019G 

JL 7 ¥ U17V 


0.56 


19V019S 


0.57 


1QV019E 


0.62 


19V019Y 

17 VV/17 1 


0.70 


17 Y vl 7i-' 


0.79 


17 ▼ V 1 7JW 


0.91 


19V019K 


0.97 


20F020L 

<u»v7 X-A/UwV/X-/ 


0.73 


20E020G 


0.78 


21D021P 

■fa X X**\J£* X X 


0.86 


22G022K 


0.01 


22G022W 


0.23 


22G022R 


0.56 


22G022V 


0.85 


22G022S 


0.98 


23A023R 


0.28 


23A023S 


0.34 


23A023G 


0.35 


23A023F 


0.44 


23A023V 


0.60 


23A023Q 


0.73 


23A023P 


0.73 


23A023W 


0.80 


23A023M 


0.95 


23A023Y 


0.96 


24P024S 


0.61 


24P024Q 


0.65 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PADPI 



24P024T 


0.66 


24P024A 


0.68 


24P024G 


0.76 


24P024I 


0.85 


24P024R 


0.91 


24P024H 


0.97 


25T025P 


0.01 


25T025H 


0.01 


25T025L 


0.01 


25T025R 


0.01 


25T025M 


0.01 


25T025E 


0.01 


25T025D 


0.01 


25T025K 


0.13 


25T025W 


0.14 


25T025I 


0.35 


25T025G 


0.43 


25T025C 


0.51 


25T025V 


0.51 


25T025S 


0.58 


25T025A 


0.86 


26E026S 


0.28 


26E026T 


0.40 


26E026W 


0.47 


26E026N 


0.48 


26E026R 


0.81 


26E026G 


0.87 


26E026C 


0.94 


26E026V 


0.97 


26E026P 


0.99 


27R027W 


0.01 


27R027T 


0.01 


27R027P 


0.48 


27R027C 


0.58 
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Table 10-7- Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos^Var. PAD PI 



27R027S 


0 69 


27R027G 


0 84 


27R027E 


0 93 


97 R 097V 


0 94 


60 rv^ovj 


0 01 




0 39 


28F028V 


0.53 




0 70 


90 A090V 


0 44 


9Q A020T 


0 47 


90 A020S 


0 55 


90 A H90V 
Z7AUZ7 1 


0 59 


90 A090P 


0 62 


90 A090R 

67 iA.v67xV 


0 73 

V/» / «/ 


29A029W 


0.74 


90 A090M 

67 /\.V67lVX 


0 77 


90 A090H 

67 AV/67VJ 


0 80 


90 A090F 


0 84 


67 flv67ly 


LOO 




0 70 


30P030Q 


0.91 


30P030A 


0.92 


31D031E 


0.88 


32V032P 


0.01 


32V032R 


0.72 


33R033V 


0.94 


34W034R 


0.01 


34W034E 


0.01 


34W034Q 


0.04 


34W034S 


0.08 


34W034T 


0.15 


34W034V 


0.73 


34W034G 


0.88 


34W034I 


0.94 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos/Var.PAD PI 



35T035O 


0.01 


35T035N 


0.01 


35T035R 


0.01 


35T035V 


0.34 


36G036S 


0.26 


36G036T 


0.33 


36G036V 


0.38 


36G036M 


0.54 


36G036N 


0.56 


36G036W 

■/x/ VJv»/v T? 


0.68 


36G036O 


0.71 


36G036R 


0.90 


37V037T 


0.81 


37V037H 

*/ f » \/«/ /XX 


0.96 


37V037W 


0.98 


38L038K 


0.01 


38L038G 


0.01 


38L038E 


0.01 


38L038P 


0.01 


38L038O 


0.01 


38L038R 


0.01 


38L038D 


0.12 


38L038S 


0.29 


38L038A 


0.63 


38L038C 


0.72 


39A039S 


0.01 


39A039G 


0.30 


39A039N 


0.43 


39A039R 


0.64 


39A039I 


0.71 


39A039P 


0.74 


39A039T 


0.79 


39A039M 


0.81 


39A039E 


0.83 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos./Var. PAD PI 



39A039C 


0.92 


39A039K 


0.96 


39A039L 


0.97 


39A039V 


0.98 


40Q040P 


0.01 


41 Q041 V 


0.01 


41 Q041S 


0.22 


41 Q041P 


0.66 


41 Q041Y 


0.70 


41 Q041 W 


0.88 


42L042W 


0.01 


42L042H 


0.01 


42L042T 


0.01 


42L042O 


0.28 


42L042S 


0.45 


42L042R 


0.64 


42L042I 


0.66 


42L042V 


0.73 


42L042M 


0.74 


42L042G 


0.76 


43G043S 


0.23 


43G043P 


0.31 


43G043V 


0.33 


43G043Q 


0.48 


43G043R 


0.59 


43G043C 


0.73 


43G043I 


0.77 


43G043K 


0.86 


43G043M 


0.88 


43G043Y 


0.94 


43G043H 


0.96 


44A044S 


0.01 


44A044Y 


0.01 


44A044T 


0.01 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos JVar. PAD PI 



44A044R 


0.01 


44A044E 


0.03 


44A044V 


0.50 


44A044F 


0.80 


44A044W 


0.85 


44A044M 


0.98 


44A044L 


0.99 


45D045S 


0.38 


45D045T 


0.44 


45D045R 


0.49 


45D045V 


0.50 


45D045P 


0.53 


45D045Q 


0.57 


45D045W 


0.58 


45D045H 


0.78 


45D045L 


0.78 


45D045M 


0.78 


45D045G 


0.84 


45D045A 


0.84 


45D045C 


0.84 


45D045K 


0.87 


46F046T 


0.43 


46F046W 


0.63 


46F046S 


0.66 


46F046V 


0.79 


46F046I 


0.88 


46F046G 


0.94 


47E047P 


0.36 


47E047R 


0.62 


47E047N 


0.63 


47E047S 


0.63 


47E047M 


0.70 


47E047A 


0.76 


47E047F 


0.76 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar. PAD PI 



47E047C 


0.77 


47E047T 


0.84 


47E047D 


0.98 


47E047H 


0.99 


48V048R 


0.01 


48V048S 


0.42 


48V048G 


0.87 


48V048N 


0.98 


48V048E 


0.99 


49I049P 


0.16 


49I049R 


0.29 


49 1049 W 


0.68 


49I049H 


0.74 


49I049S 


0.79 


49I049E 


0.88 


49 1049 V 


0.97 


50E050R 


0.01 


50E050W 


0.14 


50E050V 


0.43 


50E050I 


0 58 


50E050S 


0.65 


50E050Q 


0.91 


50E050L 


0.97 


51E051R 


0.01 


51E051I 


0.04 


51E051W 


0.17 


51E051V 


0.37 


51E051Q 


0.76 


51E051L 


0.93 


52G052H 


0.01 


52G052S 


0.01 


52G052V 


0.01 


52G052T 


0.01 


52G052M 


0.01 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PAD PI 



52G052F 


0.01 


52G052I 


0.07 


52G052P 


0.24 


52G052L 


0.24 


52G052Q 


0.28 


52G052R 


0.35 


52G052E 


0.55 


52G052A 


0.79 


53L053R 


0.01 


53L053W 


0.01 


53L053P 


0.01 


53L053D 


0.01 


53L053E 


0.19 


53L053K 


0.24 


53L053S 


0.26 


53L053G 


0.33 


53L053V 


0.65 


53L053I 


0.66 


53L053Q 


0.72 


53L053T 


0.84 


54S054F 


0.01 


54S054W 


0.01 


54S054H 


0.01 


54S054K 


0.08 


54S054I 


0.12 


54S054Y 


0.12 


54S054G 


0.17 


54S054L 


0.26 


54S054V 


0.29 


54S054E 


0.30 


54S054T 


0.33 


54S054R 


0.35 


54S054M 


0.48 


54S054Q 


0.53 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos/Var. PAD PI 



54S054D 


0.65 


54S054C 


0.88 


55A055V 


0.01 


55A055I 


0.01 


55A055P 


0.01 


55A055W 


0.01 


55A055Y 


0.18 


55A055R 


0.25 


55A055T 


0.42 


55A055G 


0.73 


55A055L 


0.87 


55A055S 


0.87 


55A055H 


0.92 


56R056C 


0.01 


56R056G 


0.01 


56R056T 


0.01 


56R056E 


0.01 


56R056Q 


0.01 


56R056S 


0;12 


56R056L 


0.24 


56R056N 


0.27 


56R056A 


0.69 


57T057R 


0.01 


57T057P 


0.01 


57T057N 


0.25 


57T057C 


0.40 


57T057Y 


0.55 


57T057H 


0.61 


57T057A 


0.65 


57T057L 


0.76 


57T057V 


0.87 


57T057I 


0.87 


58T058M 


0.03 


58T058A 


0.36 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos./Var.PAD PI 



58T058V 


0.96 


58T058S 


0.96 


59N059R 


0.01 


59N059M 


0.01 


59N059P 


0.01 


60I060P 


0.32 


60I060D 


0.66 


60I060C 


0.67 


60I060M 


0.68 


60I060A 


0.79 


60I060R 


0.81 


60I060L 


0.91 


60I060E 


0.92 


60I060K 


0.96 


60I060S 


1.00 


61D061F 


0.70 


61 D061A 


0.71 


61D061C 


0.85 


61 D061Y 


0.95 


61D061V 


0.97 


61D061N 


1.00 


62D062T 


0.01 


62D062I 


0.01 


62D062V 


0.01 


62D062H 


0.01 


62D062W 


0.01 


62D062S 


0.01 


62D062L 


0.01 


62D062G 


0.01 


62D062R 


0.01 


62D062M 


0.01 


62D062P 


0.01 


62D062Q 


0.01 


62D062A 


0.11 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosyVar.PAD PI 



62D062C 


0.49 


62D062E 


0.60 


63P063A 


0.60 


63 P063R 


0.80 


63P063S 


0.90 


63P063M 


0.91 


63P063F 


0.93 


63P063Y 


0.95 


64T064R 


0.11 


64T064D 


0.64 


64T064W 


0.69 


64T064O 

x# i -A. ^^^^ r Xjj^ 


0.87 


64T064C 


0.88 


64T064P 

X^ ■ A ^^x# ■ & 


0.94 


64T064H 

X^ • JL. X# X^ 1 A A 


0.96 


64T064N 


0.98 


64T064S 

X^ F JL X^X# fk/ 


0.99 


65D065V 


0.20 


65D065R 


0.22 


65 D065H 


0.40 


65D065Y 


0.42 


65D065P 


0.42 


65D065S 


0.47 


65D065W 


0.50 


65D065T 


0.50 


65D065G 


0.52 


65D065I 


0.62 


65D065A 


0.72 


66P066N 


0.38 


66 P066Q 


0.42 


66 P066G 


0.44 


66P066R 


0.51 


66 P066C 


0.52 


66P066A 


0.56 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos./Var.PADPI 



66P066F 


0.67 


66P066Y 


0.70 


66P066D 


0.72 


66P066I 


0.84 


66P066V 


0.89 


66P066H 


0.95 


66P066L 


0.99 


67R067F 


0.01 


67R067W 


0.02 


67R067P 


0.04 


67R067E 


0.11 


67R067V 


0.12 


67R067Q 


0.13 


67R067L 


0.16 


67R067A 


0.22 


67R067T 


0.32 


67R067N 


0.33 


67R067G 


0.41 


67R067K 


0.99 


68L068G 


0.01 


68L068A 


0.01 


68L068M 


0.03 


68L068C 


0.06 


68L068S 


0.07 


68L068N 


0.10 


68L068E 


0.13 


68L068H 


0.22 


68L068Q 


0.25 


68L068F 


0.25 


68L068T 


0.32 


68L068P 


0.35 


68L068D 


0.44 


68L068Y 


0.45 


68L068R 


0.47 
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Table 10-7. Valiants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos/Var.PAD PI 



68L068V 


0.51 


68L068W 


0.56 


68L068I 


0.73 


69N069Y 


0.17 


69N069W 

\J ^ X^l VV«^ » w 


0.55 


69N069P 


0.59 


69N069R 


0.83 


69N069G 


0.98 


70G070M 


0.01 


70G070T 

/ V/ VJV ' vl 


0.01 


70G070P 


0.01 


70G070V 


0.01 


70G070C 


0.01 


70G070R 


0.01 


70G070Y 

/ v vj v / v a 


0.01 


70G070K 

/ v vjv/ r viv 


0.01 


70G070N 

/ \J viv # VAT 


0.01 


70G070O 

/ V VJV / vv^ 


0.01 


70G070F 

/ V VJV f VA 


0.01 


70G070T 

/ v VJv / vJl 


0.27 


70G070E 


0.33 


70G070S 


0.64 


71A071P 


0.01 


71A071N 


0.61 


71 A071D 


0.65 


71A071G 


0.68 


71A071S 


0.69 


71A071R 


0.77 


71A071H 


0.78 


71A071I 


0.79 


71A071T 


0.79 


71A071E 


0.81 


71A071L 


0.84 


71A071F 


0.99 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos/Var.PAD PI 



71A071C 


0.99 


72S072Y 


0.07 


72S072W 


0.34 


72S072P 


0.56 


72S072Q 


0.66 


72S072L 


0.70 


72S072R 


0.74 


72S072D 


0.80 


72S072V 


0.83 


72S072E 


0.93 


72S072T 


0.97 


73Y073P 


0.01 


73Y073R 


0.26 


73Y073L 


0.50 


73Y073G 


0.51 


73Y073H 


0.52 


73Y073I 


0.64 


73Y073S 


0.68 


73Y073V 


0.74 


73Y073N 


0.76 


73Y073D 


0.80 


73Y073Q 


0.87 


73Y073K 


0.94 


74L074S 


0.01 


74L074G 


0.57 


74L074V 


0.61 


74L074I 


0.64 


74L074W 


0.67 


74L074Y 


0.86 


75P075M 


0.30 


75P075R 


0.46 


75P075Q 


0.61 


75P075S 


0.63 


75P075T 


0.69 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/Pos./Var. PAD PI 


75P075I 


0.74 


75P075H 


0.86 


75P075K 


0.88 


75P075G 


0.93 


76S076W 


0.01 


76S076Y 


0.18 


76S076F 


0.46 


76S076Q 


0.90 


77C077Y 


0.01 


77C077R 


0.01 


77C077W 


0.01 


77C077F 


0.01 


77C077G 


0.18 


77C077L 


0.73 


77C077S 


0.76 


77C077V 


0.80 


77C077A 


0.91 


78L078E 


0.01 


78L078N 


0.01 


78L078M 


0.48 


78L078Q 


0.52 


78L078C 


0.78 


78L078Y 


0.81 


78L078V 


0.83 


79A079H 


0.01 


79A079F 


0.01 


79A079C 


0.03 


79A079Q 


0.27 


79A079E 


0.27 


79A079N 


0.28 


79A079M 


0.28 


79A079R 


0.32 


79A079W 


0.53 


79A079T 


0.60 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PAD PI 



79A079I 


0.67 


79A079S 


0.78 


79A079G 


0.92 


79A079P 


0.94 


79A079L 


0.96 


80T080W 


0.01 


80T080L 


0.01 


80T080K 


0.01 


80T080R 


0.01 


80T080E 


0.01 


80T080P 


0.01 


80T080H 


0.05 


8OT080Y 


0.11 


80T080I 


0.15 


80T080N 


0.53 


81H081R 


0.01 


81H081Y 

a **x#x^ a a 


0.14 


81H081K 


0.56 


81H081S 


0.69 


81H081V 


0 71 

V/» f X 


81H081P 


0.72 


81H081Q 


0.75 


81H081G 


0.80 


81H081F 


0.90 


82L082R 


0.01 


82L082S 


0.01 


82L082W 


0.01 


82L082V 


0.19 


82L082G 


0.31 


82L082T 


0.38 


82L082H 


0.47 


82L082I 


0.51 


82L082K 


0.51 


82L082P 


0.52 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosyVar.PADPI 



82L082A 


0.98 


83P083T 


0.01 


83P083V 


0.19 


83P083L 


0.21 


83P083H 


0.61 


83P083W 


0.62 


83P083G 


0.68 


83P083S 


0.79 


83P083Q 


0.82 


83P083D 


0.83 


83P083F 


0.99 


84L084W 


0.01 


84L084V 


0.42 


84L084P 


0.43 


84L084T 


0.44 


84L084A 


0.45 


84L084Q 


0.52 


84L084S. 


0.55 


84L084R 


0.57 


84L084N 


0.67 


84L084K 


0.79 


84L084D 


0.85 


84L084I 


0.87 


84L084H 


0.99 


85D085I 


0.10 


85D085L 


0.24 


85D085V 


0.25 


85D085W 


0.34 


85D085P 


0.54 


85D085Y 


0.55 


85D085S 


0.68 


85D085T 


0.71 


85D085N 


0.78 


85D085Q 


0.99 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos/Var.PAD PI 



86L086H 


0.01 


86L086S 


0.01 


86L086R 


0.01 


86L086E 


0.01 


86L086Q 


0.01 


86L086W 


0.08 


86L086V 


0.12 


86L086T 


0.28 


86L086G 


0.70 


86L086Y 


0.82 


86L086P 


0.99 


87V087S 


0.01 


87V087G 


0.01 


87V087Y 


0.01 


87V087R 


0.01 


87V087K 


0.01 


87V087D 


0.01 


87V087F 


0.10 


87V087T 


0.15 


87V087A 


0.17 


87V087M 


0.75 


88I088H 


0.01 


88I088T 


0.01 


88I088G 


0.01 


88I088N 


0.01 


88I088Q 


0.01 


89I089H 


0.01 


89I089S 


0.01 


89I089G 


0.01 


89I089W 


0.01 


89I089Q 


0.01 


89I089E 


0.01 


89I089F 


0.75 


89I089V 


0.82 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos./Var. PAD PI 



89I089T 


0.90 


90M090S 


0.01 


90M090W 


0.01 


90M090G 


0.01 


90M090P 


0.01 


90M090V 


0.08 


90M090T 


0.15 


90M090R 


0.36 


90M090I 


0.66 


90M090O 


0.77 


90M090L 


0.98 


91L091G 


0.01 


91 L091T 


0.01 


91L091Q 


0.01 


91L091E 


0.01 


91L091S 


0.43 


91 L091 V 


0.79 


91 L091M 


0.88 


92G092V 


0.01 


92G092S 


0.01 


92G092E 


0.01 


92G092F 


0.01 


93T093Q 


0.01 


93T093Y 


0.03 


93T093D 


0.23 


93T093S 


0.49 


93T093F 


0.54 


93T093C 


0.95 


94N094L 


0.01 


94N094T 


0.01 


94N094V 


0.01 


94N094H 


0.01 


94N094R 


0.01 


94N094W 


0.01 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosWar.PAD PI 



94N094M 


0.03 


94N094C 


0.07 


94N094Y 


0.12 


94N094G 


0.53 


94N094A 


0.74 


94N094P 


0.79 


94N094S 


0.88 


95D095E 


0.75 


96T096I 


0 01 


96T096W 


0 01 


96T096Y 


0 01 


96T096R 


0.14 


96T096V 


0 59 


96T096S 


0.79 


96T096P 


0 89 


97K097O 


0.01 


97K097G 


0.01 


97K097I 


0.01 


97K097W 


0.01 


97K097L 

^ / IVvy / Xv 


0.01 


97K097V 


0.01 


97K097Y 


0.01 


97K097S 


0.01 


97K097T 


0.01 


97K097M 


0.22 


97K097A 


0.23 


97K097P 


0.27 


97K097R 


0.59 


98A098T 


0.27 


98A098G 


0.56 


98A098S 


0.65 


98A098I 


0.65 


98A098H 


0.92 


99Y099R 


0.29 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosWar.PADPI 


99Y099V 


0.31 


99Y099S 


0.37 


99Y099W 


0.57 


99Y099H 


0.59 


99Y099I 


0.61 


99Y099G 


0.70 


99Y099P 


0.81 


99Y099A 


0.82 


99Y099L 


0.86 


100F100W 


0.01 


100F100K 


0.01 


100F100D 


0.01 


100F100E 


0.15 


100F100S 


0.85 


101R101W 


0.01 


101R101K 


0.07 


101R101Q 


0.11 


101R101V 


0.44 


1O1R101D 


0.80 


101 R101Y 

X \f X XX. X- V-r X X 


0.80 


101R101P 


0.86 


101R101N 


0.92 


101R101C 


0.95 


101R101I 


0.96 


101R101F 


0.97 


102R102W 


0.01 


102R102F 


0.23 


102R102G 


0.27 


102R102C 


0.36 


102R102V 


0.61 


102R102D 


0.68 


102R102P 


0.89 


102R102S 


0.96 


103T103W 


0.01 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosyVar.PAD PI 


103T103Y 


0.01 


103T103G 


0.01 


103T103K 


0.01 


103 Tl 031 


0.01 


103T103L 


0.01 


103T103H 


0.01 


103T103A 

X \f X X A. X 


0.01 


103 Tl 03 V 


0.01 


103T103S 


0.01 


103T103C 


0.01 


103T103R 

X \J mj X X X 


0.01 


103T103N 

X V/ X X Vr*/ X ^ 


0.01 


103T103F 

X X X V-T X 


0.01 


103T103P 

X ^f^r X X %^*^x 


0.01 


104P104R 


0.01 


104P104W 


0.23 


104P104T 


0.33 


104P104S 


0:53 


104P104Q 


0.85 


104P104F 

X Vf ■ X X V/ IX 


0.86 


104P104G 


0.98 


105L105V 


0.01 


105L105E 


0.53 


105L105S 


0.61 


105L105Y 


0.62 


105L105T 


0.64 


105L105P 


0.90 


106D106R 


0.56 


106D106Q 


0.62 


106D106P 


0.63 


106D106N 


0.64 


106D106M 


0.86 


106D106I 


0.92 


106D106L 


1.00 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/Pos/Var. PAD PI 


107I107E 


0.01 


107I107G 


0.01 


107I107F 


0.01 


107I107Q 


0.01 


107I107R 


0.01 


107I107P 


0.32 


107I107Y 


0.52 


107I107A 


0.80 


10711 07N 


0.93 


107 11 07V 


0.97 


108A108E 


0.61 


108A108O 


0.73 


108A108T 


0.87 


108 Al 08V 


0.95 


1 09 LI 09 W 


0.01 


109L109D 


0.11 


109L109I 


0.14 


109L109E 


0.19 


109L109R 


0.21 


109L109H 

ivy i^iv/yii 


0.22 


109L109Q 


0.22 


109L109F 


0.32 


109L109A 


0.32 


109L109S 


0.38 


109L109P 


0.43 


109L109G 


0.51 


109 LI 09V 


0.54 


109L109M 


0.63 


109L109N 


0.66 


109L109T 


0.79 


109L109Y 


0.83 


110G110T 


0.01 


110G110W 


0.01 


110G110Y 


0.01 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosyVar.PAD PI 


110G110P 


0.22 


110G110I 


0.23 


110G110S 


0.30 


110G110Q 


0.34 


110G110R 


0.48 


110G110H 


0.73 


110G110N 


0.77 


110G110M 


0.82 


U1M111R 


0.01 


U1M111S 


0.14 


U1M111H 


0.19 


111MU1G 


0.32 


1UM111P 


0.57 


U1M111E 


0.67 


111M111L 


0.67 


111M111K 


0.71 


111M111T 


0.76 


111M111F 


0.78 


111M111D 


0.79 


111M111V 


0.93 


112S112Y 


0.01 


112S112R 


0.01 


112S112P 


0.01 


112S112H 


0.38 


112S112V 


0.48 


112S112M 


0.56 


112S112W 


0.58 


112S112K 


0.68 


112S112T 


0.72 


112S112N 


0.85 


112S112F 


0.88 


112S112A 


0.94 


113V113S 


0.57 


113V113G 


0.58 
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GC821-2 

Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar. PAD PI 


113V113K 


0.72 


113V113H 


0.76 


113V113W 


0.80 


113V113L 


0.85 


113V113T 


0.86 


113V113D 


0.87 


113V113E 


0.94 


113V113C 


0.94 


113V113F 


0.96 


113V113Y 


0.98 


114L114H 


0.01 


114L114E 


0.01 


114L114Q 


0.12 


114L114P 


0.28 


114L114S 


0.55 


114L114V 


0.60 


114L114N 


0.77 


115V1151 


0.99 


116T116Y 


0.47 


116T116V 


0.57 


U6T116R 


0.62 


116T116L 


0.68 


116T116W 


0.75 


116T116I 


0.76 


116T116Q 


0.77 


116T116P 


0.84 


116TU6G 


0.90 


116T116E 


0.91 


116T116A 


0.95 


116T116S 


0.96 


117Q117W 


0.71 


117Q117V 


0.76 


117Q117G 


0.79 


117Q117S 


0.87 



PCT7US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/Pos7Var.PADPI 


118V118K 


0.01 


118V118W 


0.01 


118V118E 


0.01 


118V118R 


0.07 


U8V118P 


0.22 


118V118D 


0.40 


118V118I 


0.55 


118V118G 


0.56 


118V118S 


0.82 


118V118A 


0.85 


118V118T 


0.92 


118V118M 


0.93 


118V118F 


1.00 


119L119G 


0.01 


119L119S 


0.01 


119L119F 


0.01 


119L119R 


0.01 


119L119P 


0.01 


119L119T 


0.10 


119L119N 


0.11 


119L119V 


0.15 


119L119W 


0.20 


119L119C 


0.24 


119L119D 


0.28 


119L119E 


0.32 


119L119I 


0.43 


119L119H 


0.46 


119L119Y 


0.56 


120T120P 


0.01 


120T120H 


0.50 


120T120R 


0.60 


120T120A 


0.66 


120T120Q 


0.78 


120T120C 


0.92 
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GC821-2 

Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosyVar. PAD PI 


121S121P 


. 0.38 


121S121R 


0.70 


121S121W 


0.77 


121S121K 


0.78 


121S121G 


0.99 


122A122G 


0.01 


122A122D 


0.06 


122A122F 


0.15 


122A122H 


0.17 


122A122R 


0.40 


122A122S 


0.43 


122A122K 


0.45 


122A122E 


0.47 


122A122T 


0.52 


122A122P 


0.55 


122A122I 


0.65 


122A122N 


0.70 


122A122Q 


0.74 


122A122W 


0.86 


122A122V 


0.89 


122A122M 


0.94 


123G123C 


0.30 


123G123Q 


0.31 


123G123T 


0.54 


123G123E 


0.56 


123G123V 


0.59 


123G123R 


0.60 


123G123N 


0.71 


123G123H 


0.74 


123G123F 


0.80 


123G123P 


0.81 


123G123D 


0.84 


124G124I 


0.01 


124G124H 


0.01 



PCT7US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/Pos./Var.PADPI 


124G124M 


0.01 


124G124W 


0.01 


124G124P 


0.01 


124G124A 


0.03 


124G124Q 


0.21 


124G124T 


0.32 


124G124V 


0.33 


124G124R 


0.41 


124G124L 


0.54 


124G124S 


0.56 


124G124Y 


0.56 


124G124N 


0.60 


124G124D 


0.64 


124G124C 


0.67 


124G124F 


0.95 


125V125W 


0.25 


125V125E 


0.39 


125V125R 


0.47 


125V125C 


0.54 


125V125D 


0.54 


125V125P 


0.62 


125V125F 


0.63 


125V125S 


0.79 


125V125Y 


0.81 


125V125A 


0.93 


125V125I 


0.94 


126G126I 


0.01 


126G126V 


0.18 


126G126Y 


0.23 


126G126L 


0.54 


126G126A 


0.55 


126G126E 


0.60 


126G126P 


0.67 


126G126T 


0.74 
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GC821-2 

Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar.PAD PI 


126G126R 


0.76 


126G126N 


0.85 


126G126S 


0.90 


126G126C 


0.98 


127T127L 


0.01 


127T127E 


0.01 


127T127Q 


0.15 


127T127I 


0.20 


127T127H 


0.60 


127T127D 


0.62 


127T127M 


0.64 


127T127C 


0.65 


127T127V 


0.68 


127T127G 


0.71 


127T127P 


0.77 


127T127S 


0.83 


128T128D 


0.66 


129Y129W 


0.01 


129Y129G 


0.01 


129Y129K 


0.01 


129Y129V 


0.01 


129Y129T 


0.14 


129Y129A 


0.17 


129Y129R 


0.18 


129Y129M 


0.21 


129Y129D 


0.23 


129Y129L 


0.27 


129Y129N 


0.53 


129Y129P 


0.59 


129Y129C 


0.61 


129Y129S 


0.69 


129Y129F 


0.71 


130P130T 


0.01 


130P130H 


0.01 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar.PAD PI 


130P130G 


0.01 


13OP130S 


0.01 


130P130L 


0.09 


130P130E 


0.22 


130P130W 


0.28 


130P130V 


0.37 


130P130I 


0.41 


130P130A 


0.44 


130P130F 


0.48 


130P130R 


0.53 


130P130K 


0.55 


130P130C 


0.64 


130P130M 


0.76 


131A131W 


0.01 


131A131D 


0.40 


131A131Y 


0.48 


131A131L 


0.59 


131A131S 


0.68 


131A131P 


0.71 


131A131Q 


0.74 


131A131V 


0.78 


131A131H 


0.82 


131A131G 


0.87 


131A131E 


0.97 


132P132V 


0.01 


132P132T 


0.01 


132P132W 


0.01 


132P132F 


0.01 


132P132I 


0.01 


132P132H 


0.01 


132P132R 


0.01 


132P132D 


0.01 


133K133C 


0.01 


133K133A 


0.10 
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GC821-2 

Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/Pos^Var.PADPI 


133K133V 


0.23 


133K133G 


0.31 


133K133H 


0.31 


133K133M 


0.33 


133K133T 


0.39 


133K133I 


0.45 


133K133Q 


0.52 


133K133S 


0.58 


133K133F 


0.59 


133K133P 


0.71 


133K133E 


0.76 


133K133R 


0.83 


133K133W 


0.99 


134V134Q 


0.79 


134V134T 


0.86 


134V134I 


0.89 


135L135T 


0.01 


135L135W 


0.01 


135L135K 


0.01 


135L135S 


0.01 


135L135F 


0.01 


135L135G 


0.01 


135L135R 


0.01 


135L135P 


0.01 


135L135Q 


0.17 


135 LI 35V 


0.43 


135L135E 


0.63 


135L135M 


0.78 


136V136P 


0.01 


136V136E 


0.20 


136V136N 


0.40 


137V137N 


0.01 


137V137G 


0.26 


137V137S 


0.29 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar.PAD PI 


137V137I 


0.70 


137V137T 


0.93 


138S138I 


0.35 


138S138V 


0.69 


139P139S 


0.01 


139P139G 


0.01 


139P139R 


0.01 


139P139C 


0.01 


139P139D 


0.01 


139P139E 


0.01 


139P139F 


0.01 


139P139H 


0.01 


139P139I 


0.01 


139P139K 


0.01 


139P139N 


0.01 


139P139Q 


0.01 


139P139T 


0.01 


139P139V 


0.01 


140 P MOT 


0.01 


140P140S 


0.01 


140P140V 


0.01 


140P140W 


0.01 


140P140I 


0.01 


140P140Y 


0.01 


140P140Q 


0.01 


140P140R 


0.01 


141P141R 


0.01 


141P141G 


0.01 


141P141S 


0.02 


141P141T 


0.12 


141P141V 


0.16 


141P141Q 


0.37 


141P141I 


0.38 


141P141L 


0.65 
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GC821-2 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos./Var. PAD PI 



141P141H 


0.79 


141P141N 


0.97 


142L142W 


0.01 


142L142I 


0.28 


142L142S 


0.31 


142L142Q 


0.33 


142L142V 


0.33 


142L142P 


0.44 


142L142F 


0.54 


142L142A 


0.56 


142L142K 


0.66 


142L142C 


0.70 


143A143W 


0.01 


143A143P 


0.39 


143A143G 


0.42 


143A143S 


0.63 


143A143F 


0.68 


143A143Q 


0.81 


143A143N 


0.82 


143A143T 


0.97 


143A143R 


0.99 


143A143V 


0.99 


144P144G 


0.62 


144P144A 


0.79 


144P144T 


0.81 


144P144S 


0.92 


145M145W 


0.01 


145M145G 


0.26 


145M145E 


0.48 


145M145I 


0.53 


145M145Q 


0.57 


145M145L 


0.61 


145M145V 


0.63 


145M145R 


0.69 



Table 10-7. Variants with 
Peracid Degradation Results - 
Less than Wild-Type 
Pos WT/Pos./Var.PADPI 



145M145F 


0.77 


145M145P 


0.78 


145M145S 


0.78 


145M145T 


0.79 


145M145A 


0.79 


145M145Y 


0.82 


145M145C 


0.93 


146P146W 


0.68 


146P146T 


0.76 


146P146V 


0.77 


146P146S 


0.96 


147H147S 


0.75 


147H147T 


0.84 


147H147I 


0.92 


147H147V 


0.92 


147H147R 


0.94 


147H147A 


0.98 


148P148Q 


0.98 


149W149R 


0.01 


149W149E 


0.01 


149W149P 


0.01 


149W149C 


0.12 


149W149I 


0.24 


149W149A 


0.31 


149W149S 


0.33 


149W149Q 


0.40 


149W149T 


0.44 


149W149G 


0.45 


149W149M 


0.49 


149W149F 


0.50 


149W149L 


0.64 


149W149Y 


0.75 


150F150P 


0.32 


150F150N 


0.36 
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GC821-2 

Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosyVar.PAD PI 


150F150G 


0.46 


150F150V 


0.51 


150F150A 


0.54 


150F150T 


0.58 


150F150W 


0.62 


150F150M 


0.63 


150F150E 


0.73 


150F150C 


0.78 


150F150I 


0.78 


150F150K 


0.85 


151Q151L 


0.01 


151Q151V 


0.01 


151Q151F 


0.01 


151Q151I 


0.01 


151Q151W 


0.32 


152L152I 


0.61 


152L152P 


0.61 


152L152T 


0.69 


152L152Q 


0.76 


152L152G 


0.77 


152L152S 


0.84 


152L152D 


0.86 


152L152V 


0.88 


152L152R 


0.91 


152L152K 


0.91 


152L152H 


0.92 


153I153N 


0.89 


154F154T 


0.01 


154F154G 


0.01 


154F154V 


0.01 


154F154S 


0.29 


154F154Q 


0.97 


155E155R 


0.01 


155E155F 


0.23 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar.PAD PI 


155 El 55V 


0.47 


155E155I 


0.65 


155E155Q 


0.69 


156G156I 


0.01 


156G156F 


0.73 


156G156W 


0.90 


156G156L 


0.94 


156G156V 


0.97 


157G157R 


0.01 


157G157P 


0.01 


157G157S 


0.19 


157G157V 


0.40 


157G157C 


0.61 


157G157E 


0.84 


157G157M 


0.85 


157G157A 


0.87 


157G157D 


0.94 


157G157T 


0.99 


158 El 58V 


0.89 


158E158D 


0.89 


158E158T 


0.91 


158E158I 


0.94 


159Q159A 


0.28 


159Q159C 


0.31 


159Q159P 


0.49 


159Q159D 


0.63 


159Q159L 


0.70 


159Q159G 


0.72 


159Q159S 


0.73 


159Q159R 


0.74 


159Q159M 


0.84 


159Q159E 


0.97 


160K160W 


0.01 


160K160G 


0.30 
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GC821-2 

Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosjVar. PAD PI 


160K160H 


0.57 


160 Kl 60S 


0.70 


160K160L 


0.95 


160K160I 


1.00 


161T161R 


0.01 


161T161H 


0.01 


161T161W 


0.01 


161T161N 


0.01 


161T161G 


0.43 


161T161C 


0.56 


161T161S 


0.57 


161T161I 


0.98 


163E163F 


0.27 


163E163R 


0.49 


163E163V 


0.55 


163E163P 


0.77 


163E163G 


0.80 


163E163H 


0.82 


163E163S 


0.85 


163 El 63 W 


0.98 


164L164Y 


0.01 


164L164A 


0.01 


164L164D 


0.01 


164L164E 


0.01 


164L164G 


0.01 


164L164H 


0.12 


164L164F 


0.86 


164L164C 


0.91 


164L164T 


0.99 


165A165I 


0.59 


165A165K 


0.82 


165A165Y 


0.84 


165A165S 


0.94 


165A165F 


1.00 



PCI7US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Tvne 

Uva9 imin tt mi JL ▼ Mr 




Pos WT/PosJVar. 


PAD PI 


166R166T 


0.74 


1 66 Rl 66V 


0 76 


166R166G 


0 91 


166R166S 


0 95 


168Y168G 

1VO X 1VUVJ 


0 01 

V/.vf X 


168Y168T 


0 01 


168Y168V 


0 01 


168Y168I 


0 01 


168Y168C 


0.01 


168Y1680 

X UO X X V/U\^J 


0 01 


169S169P 


0 89 


169S169T 


0 97 


170A170I 

X / V/ xk. X / VrX 


044 


170A170S 


0 47 


170A170G 


0.62 


170A170T 

X / V/ X*. X / \/ X 


0 72 


170A170V 


0.74 


170A170K 


0 83 


170A170W 


0.83 


170A170L 


0.85 


170A170O 


0.89 


170A170Y 

X / V/XTLX / V/ X 


0 89 


171L171R 


0.01 


172A172K 


0.01 


172A172R 


0.01 


172A172E 


0.01 


172A172Q 


0.18 


172A172V 


0.39 


172A172W 


0.45 


172A172P 


0.58 


172A172I 


0.58 


172A172T 


0.71 


172A172N 


0.76 


172A172G 


0.84 
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GC821-2 

Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/Pos./Var. PAD PI 


172A172S 


0.85 


172A172C 


0.86 


174F174W 


0.01 


174F174Q 


0.46 


174F174C 


0.48 


174F174R 


0.52 


174F174S 


0.61 


174F174T 


0.64 


174F174V 


0.67 


174F174G 


0.91 


175M175P 

X 1 *S XTXX 1 <*J X 


0.08 


175 Ml 75 A 

X r %S J>T X X / +SAX 


0.66 


1 75 Ml 75 Y 

X 1 *J IT X X I X 


0.72 


175M175G 


0.75 


175 M175W 


0 76 


175 Ml 75 V 


0.81 


175M1750 


0.83 


175M175L 

X § XV X X I 1^ 


0.86 


175M175R 


0.86 


175M175T 


0 90 


176K176S 


0.72 


176K176G 


0.73 


176K176P 


0.78 


176K176L 


0.92 


176K176Y 


0.93 


176K176N 


0.94 


176K176T 


0.97 


176K176Q 


0.97 


178P178W 


0.02 


179F179Q 


0.01 


179F179S 


0.34 


179F179W 


0.86 


179F179H 


0.93 


179F179N 


0.95 



PC17US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar. PAD PI 


180F180K 

JL XX XjT .JV JL X^ XX JL Vh. 


0.01 


180F180T 


0.01 


180F180R 


0.01 


180F180S 


0.01 


180F180G 


0.01 


180F180O 

A W X x Uv\^ 


0 01 

V.V X 


181D181Y 

JL O JL XX iUll 


0 01 

V. V X 


181D181W 


0.01 


181D181L 

J. V X JLX X V JL JW 


0.01 


181D181T 

X V X X** 1U11 


0 01 

V. V X 


181D181V 


0 01 

v. V X 


181D181R 

X V X X^ XVX XX 


0.22 


181D181K 

XVX XX XVX XX 


047 


181D181G 

XVX XX XVX V»* 


0.52 


181 D181S 

XVX XX XVX 


0 55 


181D181Q 


0.60 


181D181P 

JL KJ JL 1— ' JL V/ JL JL 


0.66 


181D181E 

A VJf JL JLX X V X JL-/ 


0.72 


181D181C 

JL JL .JL^ A v JL ^x 


0.85 


182A182I 

X UJW J7L X V*«X 


0.01 


182A182R 


0.01 


182A182Q 


0.01 


182A182P 


0.01 


182A182T 


0.11 


182A182N 


0.53 


182A182S 


0.85 


182A182G 


0.94 


182A182C 


0.99 


183G183S 


0.01 


183G183Q 


0.01 


183G183V 


0.01 


183G183F 


0.19 


183G183H 


0.95 


183G183D 


0.99 
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GC821-2 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 



WT/Pos./Var 


PAD PT 


184S184T 


0 AO 


X Q*T 0 1 0*TXX 


0 74 


184S1R4G 

1 o*t o x o*tvj 


0 R9 


1 R4S184P 

X 0*T O X 0*Tx 


n rs 


1RSV1RSW 


0 01 


1RSV1RSW 


0 01 


1RSV1RSO 


O 01 


1RSV1RSH 


O Ol 


1 RS V1 RS<i 


o s^ 


1RSV1RSV 


O SR 


IRS V1RST 


O Al 


IRS V1RSP 


O 7Q 
U. /y 


1RSV1RS1C 

lOJ V XO«/X\k. 


0 70 


185V185C 


0 R^ 


IRS V1RSP 


O RR 


1RSV1RST 

lOJ V X OJ X 


0 01 
l/.y 1 


1R< VI RST 

lOJ V lOJLr 


0 0^ 


1 RATI RAO 

X O V X X O VVJ 


O 01 


IRAHRA^t 


0 01 

\J.\) 1 


1RAT1 RAR 


0 01 


1 RATI RAP 


U.Ul 


186I186T 


0.23 


186I186V 


0.48 


186I186F 


0.76 


187S187P 


0.01 


187S187T 


0.23 


187S187Q 


0.35 


187S187W 


0.52 


187S187R 


0.55 


187S187V 


0.58 


187S187F 


0.65 


187S187Y 


0.80 


188T188H 


0.01 


188T188R 


0.01 



Table 10-7. Variants with 
Peracid Degradation Results 



f than WilH-TVno 

XUCS9 lUHil ▼ T UU" X vuc 




r us w l/i v nr. 


xAJU JTl 


1RRT1RRF 
1 oo x loor 


O Ol 
U.vl 


1RRT1RRV 


O OO 

u.uy 


1RRT1RRT 

lOO 1 lOOl 


0 10 

1/.1U 


1 RRT1RRV 
lOO X lOO V 


v. ID 


1 RRT1RRT 

1 OO 1 lOOb 


O AO 


1 RRT1 SRXvf 
lOO 1 lOoIVl 


n 7^ 


1 RATI 9fin 
lOO Jl loou 


n 70 
u. /y 


1 RRT1 RRf 1 
1 OO x loov/ 


n R7 
U«o / 


1 RR T1RRQ 
loo 1 looo 


0 01 


1 RRT1 RRA 
lOO 1 loOA 


0 o< 


!ROFi1ROI7 

loyjL/ioyr 


n 17 


1 ROFI1 fiOP 
1 oV U 1 oViv 


A 10 
u.^y 


IRQniROK 

1 07 XV X 0"li 


0 S7 


i Rom cov 
i oy jli i oy v 


O 71 

v. / A 


i Rorn ROW 

1 Oy JL/ 1 07 W 


O 7A 


i fiom cop? 


' n 77 


1 ROPil RO^r 

1 oy uioyu 


0 Rn 

U.5U 


1 ROTMROQ 


O R1 


1 ROF>1 ROlvf 
1 oy JL/ 1 Oj/IVL 


O RR 
v.OO 


IROFxIROP 


0 04 
u«y*t 


IROniROTT 

103fJL/10yxT 


0 OS 


1 ROFI1 ROP 

1 oy u 1 oy.r 


n 07 
u.y / 


190G190V 


0.01 


190G190S 


0.01 


190G190Q 


0.29 


190G190W 


0.41 


190G190R 


0.51 


190G190K 


0.57 


190G190L 


0.82 


191V191H 


0.01 


191V191W 


0.01 


191V191S 


0.01 


191V191G 


0.01 


191V191N 


0.01 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos7Var.PADPI 



191V191I 


0.02 


192D192S 


0.01 


192D192P 


0.01 


192D192F 


0.01 


192D192H 


0.01 


192D192I 


0.01 


192D192Q 


0.01 


192D192R 


0.01 


192D192T 


0.01 


192D192V 


0.01 


192D192W 


0.01 


192D192N 


0.15 


192D192C 


0.56 


193G193H 


0.01 


193G193C 


0.01 


193G193T 


0.01 


193G193N 


0.01 


194I194S 


0.01 


194I194A 


0.01 


194I194C 


0.01 


194I194P 


0.01 


194I194F 


0.01 


194I194W 


0.01 


194I194R 


0.01 


194I194Y 


0.01 


194I194G 


0.04 


194I194L 


0.58 


194I194V 


0.78 


195H195S 


0.08 


195H195C 


0.10 


195H195L 


0.18 


195H195N 


0.22 


195H195R 


0.24 


195H195F 


0.40 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosyVar. PAD PI 


195H195V 


0.60 


195H195Q 


0.96 


195H195A 


0.98 


196F196H 


0.01 


196F196G 


0.01 


196F196S 


0.01 


196F196Q 


0.01 


196F196W 


0.38 


196F196P 


0.39 


196F196V 


0.68 


196F196M 


0.71 


196F196Y 


0.97 


197T197R 


0.01 


197T197L 


0.65 


197T197S 


0.75 


197T197G 


0.81 


197T197I 


0.84 


197T197C 


0.86 


197T197V 


0.89 


197T197N 


0.91 


199A199M 


0.93 


199A199S 


0.99 


199A199G 


0.99 


201N201Y 


0.01 


201N201T 


0.01 


201N201V 


0.01 


201N201R 


0.01 


201N201S 


0.06 


201N201H 


0.10 


201N201G 


0.30 


201N201L 


0.35 


201N201F 


0.67 


201N201E 


0.72 


203D203V 


0.50 



313 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos/Var.PAD PI 

203 D203W 0.52 

203 D203E 0.90 
The following Table provides variants that have protein performance indices 

("Prot PF) better than wild-type. 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos./Var.Prot.PI 



2 A002Y 


1.61 


2A002N 


1.30 


2A002I 


1.25 


2A002V 


1.18 


2A002T 


1.17 


2A002S 


1.15 


5I005M 


1.29 


7C007A 


1.22 


7C007G 


1.07 


7C007M 


1.03 


8F008N 


1.23 


8F008M 


1.05 


8F008G 


1.03 


8F008P 


1.01 


11S011H 


1.06 


11 SOU A 


1.04 


11 S01 ID 


1.03 


11 S01 IE 


1.01 


11S011Q 


1.01 


12L012N 


1.06 


12L012Q 


1.05 


13T013V 


1.17 


14W014Y 


1.02 


16W016Y 


1.02 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosJVar.Prot. PI 



17V017A 


1.21 


17V017E 


1.11 


17V017F 


1.09 


17V017I 


1.08 


17V017K 


1.06 


17V017T 


1.03 


18P018C 


2.56 


18P018H 


2.50 


18P018L 


2.50 


18P018E 


2.47 


18P018G 


2.47 


18P018N 


2.35 


18P018V 


2.30 


18P018Q 


2.13 


18P018R 


2.01 


18P018Y 


1.68 


18P018S 


1.05 


19V019G 


1.39 


19V019A 


1.23 


19V019E 


1.10 


19V019Q 


1.07 


19V019K 


1.03 


19V019M 


1.00 


20E020G 


1.11 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos./Var.Prot.PI 



90F090P 


1 08 

1 .V/O 


90F020A 

ZV/ Ill/ZUrY 


1 08 


90F090W 


1 01 

1 .Ul 


90F090V 

ZU EaJZA) V 


1 01 


99 r»fi99 A 

ZZ VJUZZ/\ 


1 07 
l.U / 


99 IT099T 
ZZ VJUZZl 


1 O^ 

1.1/3 


9^ Afl9^F 


1 O^ 


94P094T 
Z*T IT UZt 1 


1 A'X 
1.H3 


OA J>fY)ACl 

z*r r uzhvj 


1.3*T 


Z*r Jt UZHD 


1.31 


9J.P09ATT 
z*t ru^T'n 


1 IS 

1.13 


94.P09JJ 
z*r ruz*w 


111 
1.11 


OA P094T 


1 OA 
1 .uo 


1UZ31^ 


1.3 / 


9ST09SV 

Z 3 1 UZJ V 


1 ^0 
1.3U 


Z3 1UZ3VJT 


1 97 
l.Z / 


9ST09SA 


1 9^ 
1.Z3 


9<*T09ST 

Z3 1 UZJl 


1 10 

• i.iy 


25T025P 


1 10 


ZD lUZOJVl 


1 ClA 


29A029G 


1.22 


29A029P 


1.07 


29A029M 


1.06 


29A029D 


1.06 


29A029V 


1.05 


29A029S 


1.05 


29A029T 


1.02 


29A029E 


1.02 


30P030E 


1.20 


30P030A 


1.15 


30P030S 


1.12 


30P030L 


1.07 


30P030Q 


1.06 


30P030K 


1.06 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar.Prot PI 



^OPO^OW 


1 OS 


^OPO^OV 
31/ MryjjxJ i 


1 (\A 
i .u*t 


^9 VTV*91V/f 

3Z VU3Z1V1 


111 

i.ii 


^9 V0^9 A 


1 io 

1.1U 


3Z VU3Z1 


1 OR 
l.UO 


3Z VU3ZV£ 


1 

1.1/3 


^9 V0^9T 
3Z VU3Zlv 


1 01 

l.Ul 


33 1U33^ 


i 1^ 
1. io 


30 VJU3\>^' 


1 oo 


30*JU3UIN 


1 Ofi 
l.UO 


3D VJU30l^ 


1 A7 
l.U/ 


30 VJU3UO 


1 OA 
l.UO 




1 OO 
l.UU 


17V0^7M 
3 / V U3 / IN 


1 oo 




1 18 


30 A 03 OF 


1 03 
1.U3 


4 A F04rtA 


1 OS 
1.U3 




1 01 
l.Ul 


4.7F047T 


1 09 


S4QAS4A 
3*f oUj^A 


1 33 
1.33 


54S054C 


1.21 


54S054E 


1.16 


54S054D 


1.08 


54S054H 


1.06 


54S054N 


1.01 


54S054M 


1.01 


55A055N 


1.12 


55A055S 


1.08 


56R056Q 


1.02 


58T058V 


1.13 


60I060A 


1.20 


60I060M 


1.14 


60I060V 


1.06 


60I060L 


1.02 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosTVar. Prot. PI 



61 D061 A 


1 41 

X • i X 


61 D061N 


1 12 


61 D061 V 


1.10 


61 D061Y 


1 03 


61D061O 


1 02 


61D061L 


1 00 

X • w 


62D062A 


1 06 

X » \J\J 


62D062M 


1.06 


63 P063S 


1 17 

X . X / 


63P063Y 


1 12 


63P063M 


1 09 


63 P063O 


1 08 


63 P063A 

X W«/4X. 


1 06 

X «VU 


63 P063V 


1 06 

X .V/ v 


63 P063R 


1 02 


63P063T 


1 02 


64T064O 


1 13 

X • X •/ 


64T064M 


1 07 


64T064R 


1.05 


64T064P 


1 OS 


64T064S 


1.03 


66P066Q 


1.91 


66P066G 


1.78 


66P066N 


1.62 


66P066C 


1.51 


66P066I 


1.51 


66P066R 


1.26 


66P066H 


1.23 


66P066V 


1.12 


66P066Y 


1.08 


66P066A 


1.03 


66P066F 


1.02 


67R067Q 


1.60 


67R067L 


1.46 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos/Var.Prot.PI 



67R067A 


1.39 


67R067V 


1.24 


67R067P 


1.04 


67R067F 

\J I JIVW # X 


1 01 

X • V/ X 


68L068A 


1.07 


68L068V 


1 01 

x «v/x 


68L068G 


1 00 

X . w 


69N069C 


1.18 


69N069G 


1 06 

X • w 


69N069D 


1 05 


69N069S 


1 03 


70G070A 


1 08 


72S072L 


1.07 


72S072A 


1.06 


72S072Y 


1.03 


73Y073N 


1.25 


73Y073O 


1.20 


73Y073C 


1.18 


73Y073D 


1.09 


73Y073V 


1.08 


73Y073M 


1.05 


73Y073L 


1.03 


74L074I 


1.45 


74L074Y 


1.19 


74L074V 


1.18 


74L074A 


1.01 


75P075M 


1.22 


75P075S 


1.18 


75P075T 


1.10 


75P075Y 


1.08 


75P075C 


1.06 


75P075Q 


1.04 


75P075L 


1.02 


75P075E 


1.00 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos7Var.ProtPI 



76S076W 


1.06 


77C077L 


1.44 


77C077V 


1.33 


77C077A 


1.20 


77C077S 


1.19 


77C077T 


1.18 


78L078I 


1.06 


78L078V 


1.04 


79A079C 


1.16 


79A079E 


1.12 


79A079S 


1.09 


79A079O 


1.05 


79A079M 


1.04 


79A079R 


1.02 


80T080S 


1 12 


80T080E 


1.02 


8OT080Q 


1.02 


82L082G 


1.24 


82L082R 


1.15 


82L082V 


1.14 


82L082S 


1.13 


82L082P 


141 


82L082M 


1.07 


82L082K 


1.03 


82L082A 


1.00 


83P083G 


1.01 


84L084V 


1.23 


86L086Q 


3.66 


89I089V 


1.09 


89I089L 


1.07 


93T093Q 


2.03 


96T096A 


1.32 


96T096V 


1.12 


96T096S 


1.05 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar. Prot. PI 



96T096G 


1.03 


97K097A 


1 11 

X • X X 


97K097R 


1.02 


98A098S 


1 17 

X • X 1 


98A098T 


1.03 


98A098N 


1 01 

X • V/ X 


99Y099S 


1.45 


99Y099L 


1.39 


99Y099H 


1.30 


99Y099A 


1 29 


99Y099V 


1 28 


99Y099G 


1 23 


99Y099W 


1 20 


99Y099I 


1 11 

X • X X 


100F100M 

X W X X VVITI 


1 20 


100F100N 


1.12 


100F100W 


1.06 


100F100S 


1.02 


101R101L 


1.33 


101R101N 

X V/ X XV X V/ X X N 


1 11 

X • X X 


101R101Q 


1.03 


101R101D 


1.02 


102R102Q 


1.09 


103T103G 


1.20 


103T103S 


1.14 


103T103H 


1.14 


103T103N 


1.07 


103T103K 


1.05 


103T103P 


1.01 


104P104S 


1.44 


104P104V 


1.40 


104P104E 


1.37 


104P104C 


1.34 


104P104N 


1.32 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosTVar.Prot. PI 



104P104T 


1.29 


104P104G 


1.25 


104P104Q 


1.24 


104P104H 


1.11 


104P104I 


1.07 


104P104M 


1.01 


105L1G5Y 


1.18 


105L105H 


1.07 


105L105G 


1.07 


105L105C 


1.05 


105L105Q 


1.03 


105L105T 


1.00 


105L105P 


1.00 


106D106E 


1.02 


107I107S 


1.05 


107 11 07V 


1.04 


107I107C 


1.00 


108A108G 


1.15 


108A108S 


1.14 


108A108T 


1.08 


109L109E 


1.24 


109L109I 


1.21 


109L109D 


1.15 


109L109N 


1.13 


109L109F 


1.11 


109L109Q 


1.08 


109L109A 


1.07 


109L109H 


1.06 


109L109V 


1.06 


109L109M 


1.00 


110G110S 


1.01 


112S112N 


1.09 


112S112E 


1.05 


113V113C 


1.06 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

: Pos WT/PosyVar.Prot. PI 



113V113N 


1.01 


114L114C 


1 10 

*|IV 


114L114A 

X X l JU X X ixX 


1 03 


114L114M 

X X ■ m-J X X liTA 


1 00 

X • V/V/ 


115V115I 

XX*/ T X x*/x 


1 14 

X • X "T 


115V115C 

XX*/ V X X */ V-^ 


1 14 

x • x~ 


115V115A 

JL X */ ▼ X X */ZX 


1 11 

X • X X 


115V115M 


1.05 


115V115L 


1.02 


116T116N 

A AAA ^^A ^ 


1.68 


116T116H 


1.48 


116T116G 

A A AAA 


1 44 

X .11 


116T116C 

X XV X X AW 


1 30 


116T116E 

XXV/ XXX V/Xw 


1 29 

X .*Vi7 


116T1160 

X X X/ XXX V/X^J 


1 29 


116T116M 

X X V/ X A X V ill 


1 28 


116T116S 

X X V XXX \/k/ 


1 24 


116T116Y 

A A X# AAA A 


1.09 


116T116A 


1.08 


116T116R 

x x \j xxx viv 


1 03 


116T116L 


1.03 


117Q117S 


1.13 


117Q117H 


1.12 


117Q117E 


1.10 


117Q117T 


1.06 


117Q117A 


1.03 


118V118C 


1.28 


118V118A 


1.20 


118V118I 


1.01 


119L119C 


1.18 


119L119A 


1.18 


119L119N 


1.14 


119 LI 191 


1.06 


119L119S 


1.05 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT^PosTVar. Prot. PI 



119L119V 


1.04 


119L119E 


1.04 


119L119R 


1.00 


120T120S 


1.35 


120T120E 


1.19 


120T120C 


1.14 


120T120K 


1.12 


120T120N 


1.10 


120T120A 


1.09 


120T120H 


1.07 


120T120Q 


1.05 


120T120Y 


1.01 


120T120L 


1.00 


121S121N 


1.17 


121S121L 


1.12 


121S121A 


1.10 


121S121C 


1.09 


121 S121G 


1.07 


121S121R 


1.06 


121S121K 


1.04 


121S121E 


1.01 


121S121Q 


1.01 


122A122N 


1.11 


122A122L 


1.07 


122A122P 


1.07 


122A122M 


1.06 


122A122V 


1.05 


122A122S 


1.05 


122A122E 


1.04 


122A122I 


1.04 


122A122Q 


1.02 


124G124M 


1.36 


124G1-24A 


1.20 


124G124N 


1.18 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos./Var.Prot PI 



124G124C 


1.07 


124G124Q 


1.02 


125V125I 


1.05 


126G126N 


1.04 


126G126E 


1.02 


126G126A 


1.02 


127T127A 

A A* f A A A* r 4 A 


1.10 


127T127S 


1.08 


127T127V 


1.06 


127T127C 


1.04 


127T127G 


1.04 


127T127D 


1.03 


127T127E 


1.03 


127T127M 

A A* f A A 4* f XT A 


1.02 


128T128N 


1.29 


128T128M 


1.28 


128T128Q 


1.24 


128T128A 


1.23 


128T128H 


1.19 


128T128P 


1.18 


128T128D 


1.14 


128T128K 


1.10 


128T128S 


1.07 


128T128V 


1.05 


128T128R 


1.03 


128T128F 


1.01 


129Y129F 


1.44 


129Y129C 


1.42 


129Y129A 


1.39 


129Y129D 


1.35 


129Y129M 


1.28 


129Y129N 


1.24 


129Y129L 


1.22 


129Y129P 


1.11 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos^Var.ProtPI 



129Y129G 


1 10 


129Y1 29S 


1 OR 


19QY129W 


1 01 

X . v/ A 


i Ztzf x 1 &y v 


1 00 

1 •\J\J 


hopiioct 


1 1 1 

X . X X 


1 *ftPl ifYR 


1 OR 


hopiioic 

x3Ux lJUXi 


1 OS 


110P110A 


1 01 

X .uJ 


1 lOPIlOM 


1 01 


imrinn 

x3«3 xVxOOV^ 




IlllfllKI 
x^J xv 10.20 


1 02 


1111^1 11A 


1 Ol 


1 llltl IIP 

1^3 XVI DDIS. 


1 01 


1111C111F 

ijj xvi Don* 


1 01 


iist n^M 

ljj J-f 1 0 «yiVx 


1 01 


116V1 16T 


1 01 


11RS11RA 


1 44 
X .tt 


118 ^11 18P 


1 17 
x • x / 


X JO OIJOU 


1 09 

X .V7 


141P141A 


1.13 


141P141G 


1.02 


142L142I 


1.05 


143A143G 


1.17 


145M145I 


1.16 


145M145L 


1.07 


147H147L 


1.09 


147H147C 


1.04 


149W149G 


1.39 


149W149A 


1.35 


149W149M 


1.32 


149W149S 


1.28 


149W149F 


1.27 


149W149Y 


1.15 


149W149Q 


1.10 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos7Var.Prot.PI 



149W149L 


1 06 


150F150A 


1 70 

X • / \J 


150F150M 


1.69 


1 S0F1 SON 

l Jul X •Jv/XN 


1 S2 


1S0F150C 


1 41 

X .T^ X 


150F150P 


1.38 


150F150K 


1.33 


150F150E 


1.32 


1SOF1SOT 

X */V/ X^ X »JV/ X 


1 27 


1SOF1SOV 


1 26 


1 S0F1 SOW 
l jut x ju w 


1 26 


1S0F1S0Y 
x *jvj r x x 


1 24 


1 SOF1 SOT 


1 19 

X • X 7 


150F150L 

x J V X^ X «/V/Xw 


1 14 

X. x^ 


1S0F150G 

1 Jv XT X JvVJ 


1 13 

X • X -J 


150F1S0H 


1 09 


1S10151K 

ui yiJ xxv. 


1 04 


153 1153N 


1.04 


157G157A 


1.00 


1 S0O1 SOP 


1 14 

X. X*T 


159Q159A 


1.13 


159Q159G 


1.03 


161T161C 


1.01 


162T162C 


1.17 


162T162I 


1.16 


162T162H 


1.08 


162T162L 


1.05 


162T162F 


1.05 


162T162Y 


1.03 


164L164M 


1.09 


164 LI 64V 


1.08 


165A165G 


1.14 


165A165Q 


1.05 


165A165S 


1.05 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos./Var.Prot.PI 



166R166M 


1.26 


166R166K 


1.19 


166R166G 


1.19 


166R166N 

X VV XV X vV/11 


1.16 


166R166D 

X \J\J XX. X WX-' 


1.16 


166R166A 

X V V XV X vv/ii. 


1 12 

X • X X* 


166R166L 

X W XV. X WX^ 


1 08 

X • w 


166R166T 

X VV XV X VV X 


1 04 

X » v» 


167V167L 

XV/ ▼ XV// X-/ 


1.13 


167V167H 

XV/ Y XV/XX 


1.12 


167V167G 

XV/ ▼ iVf VI 


1 08 

x » vu 


167V167M 

XV/ V X V / xvx 


1 04 

X • Vi 


167 VI 671 

XV/ T XV/X 


1.04 


167V167S 


1.04 


167V167C 

XV/ V Ivi V 


1 01 

X .vx 


168Y168F 

X V V X X wx 


1.28 


168Y168L 

X W X X WX-/ 


1.27 


170A170C 

X / V xx. X / uv 


1.02 


171L171I 


1.16 


172 A 172C 


1 09 

x .v7 


172A172G 


1.07 


175M175Y 


1.35 


175M175L 


1.19 


175M175W 


1.14 


175M175N 


1.11 


175M175R 


1.02 


176K176R 


1.06 


176K176Q 


1.02 


178P178E 


1.05 


182A182C 


1.03 


183G183S 


1.08 


184S184E 


1.39 


184S184A 


1.31 


184S184M 


1.25 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/Pos^Var.ProtPI 



184S184G 


1.15 


184S184D 


1 15 

x • x */ 


184S184C 

X 0"T X V^V^ 


1 14 

X • x~ 


184S1840 


1 09 


184S184H 

X QT^ U X V~X X 


1 07 

X .V / 


184S184N 


1 03 

X ■ V*/ 


184S184V 

X V~ Lj X V~ V 


1 03 


184S184K 

X tJ"T O X OTJV 


1 02 

X « V«w 


185 VI 851 


1 03 

X • UJ 


186T186M 


1 11 

X . X X 


188T188C 

XvO X lOOv 


2 04 


188T188I 

X (JO X X wx 


1 85 

X • V*/ 


188T188L 

X V V X XV U<w 


1 76 

X a / V 


188T188M 

X W X X UlliYl 


1 60 

X . V V 


lOO X lOO V 




188T188S 


1.52 


188T188R 


1.41 


188T188A 


1.40 


188T188G 


1.32 


188T188N 


1.24 


191V191C 


1.04 


194I194L 


1.32 


194I194C 


1.17 


194I194A 


1.15 


194I194W 


1.12 


194I194V 


1.03 


194I194Y 


1.01 


196F196L 


1.09 


201N201H 


1.49 
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The following Table provides variants that have a PAD PI that is greater than 1 .5, 
a PAF that is greater than or equal to 0.1, and a protein PI that is greater than or equal to 
0.1 



Table 10-9. PAD PI > 1.5 


with PAF > 0.1 and 


Drotein PI >0.1 


Wild- 




Type 




Amino 




Acid/ 


Variant 


Pqs, 


AminQ Acid 


Ml 


L 


K3 


A,C,H,I,L 


R4 


A 


15 


A, C, E, L 


L6 


A 


C7 


K 


T13 


A,C | 




C, E, G, H, L, 


P18 


Q,R,V,Y 


E20 


C,Q 


D21 


A, G, K, L, Y 


G22 


A 


P24 


L 


E26 


L 


R27 


A, K, L 


F28 


D,L 


P30 


T,V 


D31 


L,N 




A, D, E, G, I, K, 


V32 


L,M,N,Q,W 


R33 


C, G, K, L 


T35 


A, C, I, M 



Table 10-9. PAD PI > 1.5 


with PAF > 0.1 and 


nroteinPI >0.1 


Wild- 




Type 




Amino 




Acid/ 


Variant 




Amino Acid 


G36 


K 




D,G,K,S,T, 


Q40 


W,Y 


Q41 


A, K, L 


G43 


E,L 


A44 


C 


F46 


L 


V48 


A, C, L, M, P 


149 


A 


E51 


A 


L53 


H 




A, C, D, E, F, 




G, K, L, Q, S, 


N59 


T, V, W, Y 


D61 


I,K,R 


N69 


H,I,K,V 




A, C, G, H, M, 


S72 


N 




D,G,K,S,T, 


P75 


W, Y 


S76 


D, E, G, M 


T80 


G 
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Table 10-9. PAD PI > 1.5 


with PAF> 0.1 and 


protein PI > 0.1 1 


Wild- 




Type 




Amino. 




Acid/ 


Variant 


Pos. 


Amino Acid 


H81 


M 


P83 


A, M 


D85 


F, G 


L86 


C 


V87 


C,L 


189 


A 


T96 


A, C, U M 


A98 


D 


F100 


A,M 


R102 


A,L 


P104 


C, E, I, M 


L105 


C, F, W 


D106 


V 


I1Q7 


T 


G110 


E, L 


VI 15 


G ! 


Q117 


A, M 


V118 


Q 


T120 


E,I,Y 


S121 


A,C,V 


T128 


F, K, L, R, Y 




A, C, E, G, L, 


P132 


Q,S,Y 


K133 


L 


V134 


A, M 


V136 


A 


P140 


A 


P144 


H,Y 


P146 


C,F,H,L 


P148 


F 



Table 10-9. PAD PI > 1.5 


with PAF> 0.1 and 


protei 


nPI >04 


Wild- 




Type 




Amino 




Acid/ 


Variant 




Amiqp ASM* 




a r* t"\ X7 tj 
A, C, D, E, H, 


Q151 


K, P, R, S, T, Y 


LI 52 


w 


1153 


F, H, K, P, S, T 


F154 


Y . 




A T "k M XT T» 

A, L, M,.N, P, 


E155 


Y 


G156 


D, M, T 


G157 


H 




F, K, L, M, N, 


E158 


Y 


Tiol 


M, Q 




C, F, G, H, I, K, 




T "» r "VT t* /"V 

L, M, N, P, Q, 


T162 


S, W, Y 


El 63 


A, L, Y 


A165 


D, L, M 


R166 


A, D, H, L 




A, C, D,G, H, 




L, M, P, Q, R, 


VI 67 


S,T,Y 


Y168 


F,L 


S169 


I 




A, C, F, K, M, 


L171 


N,Q,S 




A,C,E,F,I,K, 




L,M,P,R,V, 


SI 73 


W, Y 


F174 


A, L, M, Y 




A, D, E, G, K, 


P178 


L. M. O. S. T. 
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Table 10-9. PAD PI > 1.5 

with PAF> 0.1 and 
protein PI >0.1 



Wild- 




Type 




Amino 




Acid/ 


Variant 


Post 


Amino Acid 




V,Y 


F179 


L 


G190 


A,H,M 




A, C, D, E, F, 




K, L» M, Q, R, 


V191 


Y 


G193 


s,v 


T197 


M 




C, L» M, N, P, 


El 98 


R.W.Y 


A199 


C, K, L, Y 




A,C,E,F,G, 




H,I,L,M,S,T, 


R202 


W 


D203 


A, C, H, L, R 


G205 


A 




C,E,F,G,H, 




K,L,M,N,P, 


V206 


R 


A209 


E,L 


E210 


D,K 


Q211 


M,N,P 




A, C, D, F, G, I, 




K,L,R,T,V, 


S214 


w, 


L215 


E,M,T,V,Y 
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The following Table provides variants with a PAD PI that is less than 0.5, a PAF 
that is greater than or equal to 0.1, and a protein PI that is greater than or equal to 0.1, 



Table 10-10. PAD PI < 0.5 with 
PAF XU. and Protein PI >0.1 


Wild-Type 
Residue/Po$, 


Amino Acid 
Variantfs) , 


A2 


Y 


R4 


T.L.V 


15 


S 


L6 


S,T,V 


F8 


R 


D10 


G 


L12 


A, C, F, G, K, Q, R, 
S.T.V 


W14 


F, G, I, K, L, R, S, 
T, V 


Q15 


C.N 


P18 


CI 


\/1 Q 

y.,*,7, 


Nil f\ Xt 


G22 


K,W 


A23 


G.R.S. 


T25 


G,H,I,K,L,M,P, 
R. W 


E26 


N,S,T,W 


R27 


P.T.W 


F28 


G 


A29 


T.V 


T35 


N,Q,V 


G36 


S.T 


L38 


G. S 


041 


S.V 


L42 


Q, S,T 


G43 


P, Q, s,v 


D45 


R, S, T 


F46 


T 



Table 10-10. PAD PI < 0.5 with 
PAF >0.1. and Protein PI >0.1 


Wild-Type 
Re§idue/Po?r 


Amino Acid 

Variantfs) 


E47 


p 


V48 


s 


149 


P. R 


E50 


V 


E51 




G53 


H.L.S.V 


L53 


E. G. K. R. S 


S54 


F,G,I,K,L,R,T, 

v.w.y 


A55 


I,R,T.V 


R56 


C,G,S,T 


T57 


C.N 


T58 


A. M 


N59 


M,R 


160 


P 


D62 


C,G,H,I,L,R,S, 
T,V,W 


T64 


R 


D65 


H,R,S,V,Y 


P66 


G,N,Q 


R67 


E,F,G,L,N,P, Q, 
T. V. W 


L68 


A, C, E, F, G, H, M, 
N,P,Q,R,S,T,Y 


N69 


Y 


G70 


C.T 


S72 


W,Y 


Y73 


L.R 


P75 


M.R 
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Table 10-10. ] 
PAF>04,an 


PAD PI < 0.5 with 
d Protein PI >0.1 


Wad-Type 
Resi4ue/Po$ r 


Amino Acid 
Variants) 


S76 


F,W,Y 


C77 


F,W,Y 


L78 


M 


A79 


C,E,H,M,N,Q,R 


T80 


H,I,K,L,W,Y 


H81 


R.Y 


L82 


G.H.R.S.T.V.W 


P83 


T.V 


L84 


A,T.V,W 


D85 


I.L,V,W , 


L86 


H.S.T.V.W 


V87 


A.F.G.S.T.Y 


188 


T,V 


189 


S 


M90 


s,T,v 


L91 


T,V 


T93 


S.Y 


N94 


H,L,T, V . 


T96 


L R. W. Y 


K97 


G,I, L, P, Q, S, T, 

J 7 7 ^V.' 7 7 

V. Y 


A98 


T 


Y99 


S. V 


F100 


RK. W 


R101 


K. O. V. W 


R102 


C.G 


T103 


A,C, F,G,H,I,K, 

L,N,P,R,S,V,W, 

Y 


PI 04 


R,T 


L105 


V 


1107 


P.O 


LI 09 


A. D. E. F. H. L O. 



Table 10-10. PAD PI < 0.5 with 
PAF >0.1. and Protein PI >0.1 


Residue/Pos. 


Amino /\ciu 

Variant^) 




D C WT 

K. »• W 


m in 


O Q T 


Mill 


G,H,R,g 


S112 


H, R, V, Y 


r ii i 

LI 14 


Q 


1 1 lo 


Y 


V118 


P T R, W 


Lily 


C,D,E,F,G,H,I, 

xt T» o T 1 X 7 117 

N. R, 5 t Tt V, W 


T120 


H 


$121 


P 


A 1 

A122 


D, E, F, G, H, K, R, 

o 


G123 


c 


G124 


A, H, I, M, Q, R, T, 

17 117 
V- W 


171 OC 

V125 


T7 T» 117 

E, R, W 




I* v, Y 


1 \Zf 


T7 T T S~\ 

b. L JL>. O 


Y129 


A, L), Cj, Iv, L, M, 
R. T. V. W 


P130 


A, E, F, G, H, L L, 
S. T. V. W 


A131 


D.W.Y 


P132 


F. H. I. T. V 


K133 


A, C, G, H, L M, T, 
V 


L135 


F. O. S. T. V 


V137 


S 


S138 


I 


P139 


s 


P140 


s 


P141 


G. L O. R. S.T. V 
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Table 10-10. 
PAF>0.1. an 


PAD PI < 0.5 with 
d Protein PI >0.1 


Wild-Type 
Rosidu^/Po?. 


Amino Acid 
Vanantfs) 


L142 


Q,S,V 


A143 


G,P,W 


M145 


E,G,W 


W149 


A,C, F,G,I,M,Q, 
S.T 


F150 


G.N.P.W 


El 55 


F,R,V 


G156 


I 


G157 


R,S,V 


0159 


A, C,P 


WO 


G 


T161 


G.H.R.W 


E163 


F. R 


Y168 


c,i,v 


A170 


LS 


A172 


O.V 


F174 


c,o,w 


F179 


as 


G190 


S.V.W 


V191 


G,H,I,N, S,W 


G193 


C» H».T 


1194 


A, C, G, S 


F196 


GO.W 


T197 


R 


N201 


G,H,L,R,S,T,V, 

Y 


D203 


V 


L208 


O, S,V,Y 


V212 


G 


L215 


A. C. G. IC P. R 


L216 


G.LT 
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In addition to the assay results described above, various mutations were found to 
result in unstable protein such that perhydrolase protein was not expressed. Thus, in 
contrast to the substitutions that resulted in enhanced expression as compared to wild- 
type, there were some substitutions that are not as favorable, at least under the conditions 
used herein. However, it is not intended that the present invention exclude these 
substitutions, as it is contemplated that these substitutions, taken alone or in combination 
will find use in alternative embodiments of the present invention. 



Table 1 
Prodw 


0-11. Mutations that 

ed Unstable Protem 


Wild- 
Tvpe/Pos. 


Variant A mino A c fd 


Ml 


A,E,F,G,K,N,P,R, 
3,T.W 


15 


W 


C7 


L,P,T,W 


G9 


A,C 1 E,K,L,P,0,R,V 


Ti? 


F.R.W 


G15 


H* K, L, R, Y 


P18 


A 


D21 


V 


F28 


H,I,R 


R33 


D,E,H,P,W 


W34 


K 


T35 


K,L,P,W,Y 


G36 


P 


V37 


Q,R 


L38 


w 


A39 


F 


L42 


D 


A44 


D. H.P 


F46 


H 



Table 10-11. Mutations that 
Produced Unstable Protein 


Wild- 
Type/Pos, 


Variant Antfnp Acid 


V48 


W 


E51 


P 


R56 


H,K,P,W,Y 


T57 


W 


T58 


E,G,K,P,R,W.Y 


L74 


D.H.P.O.R.T 


C77 


N,P 


L78 


A,P,R,S 


A79 


v 


L86 


F 


188 


R.Y 


189 


D.R 


L91 


H. K. P. R. W. Y 


G92 


A, D, L, M, P, R, T, W, 
Y 


T93 


P. R. V. W 


D95 


A, D, G, H, K, L, N, Q, 
R,S,T,V,W,Y 


K97 


D 


P104 


A. L 
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Table 1 
Prpdin 


.0-11. Mutations that 
:ed Unstable Protein 


Wild- 

Type/Pp?, 


Variant Amino Acid 


L105 


AM 


1107 


H.W 


A108 


D.F.H.LN.P.R 


G110 


L 


LI 14 n 


F,K,R,W,Y 


VI 15 


H.KL 


V134 


D,K,R,W,Y 


V136 


R.W 


V137 


D,E,F,P,R,W 


S138 


E,F,H,L,M,O.R,W,Y 


P139 


L.W.Y 


P140 


D.K.L.M 


L142 


D,G,M,N,R,T 


H147 


G 


F154 


E.L.P. 


T161 


D.E.P 


Y168 


D.E.H.K.N.P.R.S.W 


L171 


D 


F179 


A,P,R 


F180 


E 


D181 


F,H,I,M,N 


A182 


H. K. L. M. W. Y 


1186 


K-W. Y 


T188 


D. K. P. O. W 


F196 


A.K.N.R 



The following Table provides performance indices obtained in PAF and PAD 
5 assays for various variants, as well as the protein performance index. 
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Table lfl 


-12. Performance Ind 


ices 


Wild-Type 
Res*/ 


Mut. 


PAF 
PI 


PAD 
PI 


Prot 
?l 


M} 


A 


-0.12 


-0.12 


-0.01 


Ml 


E 


-0.12 


-0.12 


-0.01 


Ml 


F 


-0.12 


-0.12 


-Q.<n 


Ml 


G 


-0.12 


-0.12 


-Q,01 


Ml 


I 


0.96 


1.19 


Q.31 


M* , . ,. 


K 


-0.12 


-0.12 


-0.01 


Ml 


L 


0.75 


. 2.11 


0.30 


Ml 


M 


1.00 


1.00 


1.00 


HI 


N 


-0.12 


-0.12 


-Q.Ql 


Ml 


P 


-0.12 


-0.12 


-0.01 


Mi 


R 


-0.12 


-0.12 


-0.01 


Ml 


? 


-0.12 


-0.12 


-0.01 


Ml 


T 


-0.12 


-0.12 


-Q.9J 


Ml 


V 


0.87 


0.94 


0.52 


M* 


W 


-0.12 


-0.12 


-0.01 


A? 


A 


1.00 


1.00 


1.00 


A2 


D 


1.30 


1.05 


0,77 


A2 


E 


0.61 


1.38 


0.52 


&Z 


F 


• 1.24 


0.93 


0.89 


A3 


G 


1.15 


0.84 


0 T 95 


A? 


I 


1.18 


0.61 


1.25 


A? 


N 


0.93 


0.59 


JL30 


A? 


P 


0.52 


1.17 


0.68 


A2 


0 


0.81 


1.29 


0.65 


A2 


R 


0.?0 


1.17 


0.70 


A2 


s 


1.01 


0.66 


1.15 


A2 


T 


0.98 


0.61 


1.17 


A2 


V 


0.89 


0.60 


1.18 


A2 


w 


1.75 


1.17 


0.53 


A2 


Y 


0.84 


0.46 


1.61 


K? 


A 


0.86 


2.14 


0.48 


K3 


C 


0.81 


1.52 


0.67 


K3 


E 


0.12 


3.51 


0.11 


BC3 


G 


0.72 


3.74 


0.08 


K3 


H 


1.01 


1.89 


0.30 


K3 


I 


1.05 


2.44 


0.16 



Table 10 




rformance Ind 


ices 


Wild-Type 
Res./ 


Mut. 


PAF 

PI 


PAD 
PI 


Prot 
PI 






1.00 


1.00 


1.00 


K3 


L 


1.04 


1.84 


0.50 




M 


0.85 


1.44 


0.71 


B» 


p 


0.80 


1.45 


959 




0 


0.87 


1.19 


9,6P 


£3 




0.87 


1.29 


0.46 


K3 


$ 


0.94 


1.17 


0.44 


K3 


T 


1.01 


1.03 


0J1 


£3 


V 


0.81 


0.84 


9,33 


K3 


Y 


1.06 


1.39 


0.86 


R4 


As 


0.41 


1.64 


9,?9 


*4 


C 


0.71 


1.34 


, 0,35 


R4 


P 


0.27 


1.18 


0,3? 


*4 


E 


0.32 


0.97 


9,£5 


R4 


Q 


0.79 


0.79 


9,4* 


R4 


ft 


0.92 


0.99 


Q,59 


*4 


I 


0.24 


0.15 


948 


R4 




0.21 


-0.03 


0.18 


*4 


P 


0.14 


1.44 


0.13 


R4 


0 


1.03 


0.99 


070 




R, 


1.00 


1.00 


im 


R.4 


s 


0.65 


0.91 


0.64 


R4 


T 


0.80 


1.00 


0.69 


R4 


V 


0.29 


0.08 


0.22 


R4 


W 


0.04 


0.48 


0.12 


R4 


Y 


0.63 


0.98 


0.39 


15 


A 


0.60 


1.88 


0.62 


15 


c 


0.44 


2.47 


0.54 


15 


D 


-0.13 


3.11 


0.06 


15 


E 


0.67 


1.59 


0.33 


15 


F 


-0.13 


0.15 


0.06 


15 


G 


0.05 


-3.88 


0.10 


15 


H 


1 0.55 


0.63 


0.18 


15 


I 


1.00 


1.00 


1.00 


15 


L 


0.80 


1.63 


0.96 


15 


M 


0.63 


1.09 


1.29 
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Tabje %t 


>-12. P< 


prforma 


nee Indices 


Wad-Type 
Res./ 
PP5f 


Mut 


PAF 
PI 


PAD 
PI 


Prot 
PI 




N 


-0.13 


-2.15 


04? 




p 


-0.13 


-0.86 


0.08 


15 


ft 


-0.13 


-6.48 


0.08 


15 


s 


1.02 


Q.37 


0.39 


15 


T 


h\2 


0.72 


0.2$ 


15 


V 


0.94 


0.92 


0.54 


15 


W 


-0.13 


-0.44 


-0.01 


W 


A 


Q.87 


199 


0.26 


L6 


c 


0.85 


1.22 


0.55 


16 


E 


-Q.20 


~Pr59 


0.09 


L6 


G 


0.23 


-3.45 


0.12 




K 


0.23 


-1.08 


0.09 


L6 


I 


IP7 




0.86 


l# 


K 


0.41 


-14$ 


0.05 


16 


h 


1.00 


l f 00 


1.00 


L$ 


M 


0.92 


1.44 


0.63 


L6 


0 


-Q.20 


-1,63 


0.12 


L6 


R 


0.06 


-1.59 


0.12 


L£ 


s 


0.58 


-1.26 


0.23 




r 


1.06 


0,3? 


0.40 


L6 


v 


1,07 


0,3? 


0.44 


L6 


w 


0.06 


-2.97 


0.09 


C7 


A 


XA2 


1.03 


1.22 


C7 


C 


1.00 


IrOQ 


1.00 


C7 




-0.26 


1.63 


0.20 




0 




0.69 


1.07 


q7 


H * 


1.73 


1.37 


0.41 


C7 


I 


• 1.76 


1.48 


03} 


C7 


k; 


2.69 


2.95 


0.21 


C7 


L 


-0.26 


-0.16 


-0.01 


C7 


M 


1,13 


0.68 


1.03 


C7 


P 


-0.26 


-0.16 


-0.01 


C7 


* 


0.22 


-1.04 


0.15 


C7 


S 


0.62 


-2.83 


0.10 


C7 


T 


-0.26 


-0.16 


-0.01 


C7 


W 


-0.26 


-0.16 


-0.01 



TaWe M 


>-12. Performa 


nee Ind 


jces 


Wad-Type 
ResJ 
Pos. 


Mut 


PAF 
PI 


PAD 
PI 


Prot 
PI 


C7 . 


Y 


2.09 


0.54 


Pr67 


F8 


A 


0.55 


1.33 


0.96 


F? 


C 


-0.11 




0.10 


F? 


F 


1.00 




IrPP 


F? 


G 


1.09 




1,0? 


F8 


H 


1.02 


0.64 


P97 


F? 


K 


0.81 


0.83 


0.9? 


F8 


L 


0.77 


1.31 


Pr90 


F? 


M 


0.56 


141 


*,P? 


F? 


N 


-0.11 


0.96 


1.23 


F8 


P 


1.00 


9,?3 


l,Ql 


F? 


R 


1.43 


0.46 


Pr73 


F8 


s 


0.71 


-2-75 


043 


F8 


T 


0.88 


_.Qr77 


Pr94 


F8 


V 


1.18 


0.85 


0,?? 


F? 


Y 


0.96 


o f 9Q 




G9 


A 


-0.15 


-0.18 


-o t oi 


G9 


C 


-0.15 


-0.18 


-0.01 


G9 


E 


-0.15 


-04? 


-o T pi 


G9 


G 


1.00 


IrOP 


ItOQ 


09 


H 


0.29 


-0.06 


04$ 


G9 


K 


-0.15 


-04? 


-0.01 


G? 


L 


-0.15 


-048 


-0,01 


G9 


P 


-04? 


-04? 


-0.01 


G9 


Q 


-0.15 


-0.18 


-O t pl 


/no 


R 


-0.15 


-0.18 


-0.01 


G9 


T 


0.21 


-2.56 


0.12 


G9 


v 


-0.15 


-0.18 


-0.01 


D10 


A 


-0.29 


-14.24 


0.02 


D10 


D 


1.00 


1.00 


1.00 


D10 


b 


0.01 


0.15 


0.72 


D10 


G 


0.41 


-0.92 


0.17 


D10 


I 


1.28 


-6.86 


0.04 


D10 


K 


2.13 


-5.30 


0.02 


D10 


L 


3.97 


2.04 


0.02 


D10 


M 


-0.2? 


-5.94 


0.04 
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Table 10 


i-12. Performance Ind 


ices 


WDd-Type 
ResJ 


Mut. 


PAF 
PI 


PAD 
PI 


Prot 
PI 


D|Q 


N 


-0.29 


-2.23 


0.07 


D10 


P 


-0.29 


-4.16 


0.05 


D10 


R 


0.22 


-4.36 


0.06 


D10 


s 


0.79 


-0.58 


0.06 


pio 


T 


1.47 


-0.45 


0.06 


D10 


V 


0.98 


-4.22 


0.06 


D10 


w 


3.18 


-3.70 


0.02 


D10 


Y 


1.51 


-4.97 


0.03 


Sll 


A 


0.25 


0.53 


1.04 


m 


D 


-0.25 


-0.22 


1.03 


Sll 


E 


-0.25 


-0.23 


1.01 


m 


F 


-0.25 


-0.13 


0,6? 


m 


G 


-0.25 


-0.09 


o r ?<? 


m 


H 


-0.25 


0.33 


1,9$ 


m 


I 


-0.25 


0.56 


9*3 


Sll 


K 


-0.25 


0.40 


0.62 


su 


L 


-0.25 


-0.22 


0.68 


Sll 


o 


-0.25 


-0.26 


1.01 


sn 


R 


-0.25 


-0.08 


0.69 


sm 


s 


1.00 


1.00 




Sll 


r 


0.04 


-0.36 


Qr«7 


s» 


V 


0.03 


-0.15 




L12 


A 


1.10 


0.07 


0,71 


L12 


C 


2.29 


0.22 


0.81 


L12 




0.04 


0.00 


0.39 


L12 


F 


0.13 


0.17 


0.60 


L12 


G 


0.44 


-0.06 


0.60 


L12 


H 


0.02 


0.16 


0.77 


L12 


K 


0.18 


0.13 


0.40 


L12 


L 


1.00 


1.00 


1.00 


L12 


N 


0.53 


0.66 


1.06 


L12 


P 


0.03 


-0.16 


0.31 


L12 


0 


2.65 


0.22 


1.05 


L12 


R 


0.23 


-0.02 


0.34 


L12 


s 


! 0.54 


-0.07 


0.80 


L12 


T 


0.68 


0.06 


0.89 



Table 10 


-12. Performa 


nee Ind 


ices 


Wild-Type 
ResJ 

PWr 


Mut. 


PAF 
PI 


PAD 
PI 


Prot 
PI 


L|2 


V 


0.98 


-0.05 


0.51 


L12 


W 


0.03 


0.Q2 


O f 33 


n? 


A 


0.25 


199 


9r72 


T13 


C 


0.56 


h99 


0,7? 


m 


E 


-0.10 


1,99 


0.44 


m 


F 


-0.10 


-o t ll 


-9,02 


T13 


G 


0.32 


977 


0.97 


T13 


I 


0.12 


1.0? 


9-6? 


T13 


L 


0.55 




9,76 


T13 


M 


0.17 


1.47 


9,94 


T13 


N 


-0.10 


ZM 


9,27 


m 


P 


-0.10 


2,73 


,947 


m 


O 


0.01 




9,9? 


TJ3 


R 


-0.16 


-9r** 


^92 


T13 


S 


0.73 


0.68 


9.8? 


T13 


T 


1.00 


J.90 


l,op 


H3 


V 


0.19 


0.63 




T*? 


W 


-0.10 


-0.11 


-0.02 


W14 


A 


-0.23 


0.27 


0.94 




E 


0.06 


0.15 


0.80 


W14 


F 


0.29 


9r22 


9,71 


W14 


G 


0.30 


-0-97 


9.70 


W14 


I 


0.33 


-9,42 


o r <* 


W14 


EC 


0.29 


-947 


0.71 


W14 


L 


! 0.25 


-0.36 


0.82 


W14 


N 


-0.23 


-0.12 


0.81 


W14 


P 


-0.23 


-0.29 


0.34 


W14 


R 


0.23 


-0.40 


0.66 


W14 


s 


0.31 


-0.99 


0.69 


W14 


T 


0.24 


-0.77 


0.64 


W14 


V 


0.26 


-0.49 


0.58 


W14 


W 


1.00 


1.00 


1.00 


W14 


y 


0.31 


0.66 


1.02 


G15 


A 


L54 


0.61 


0.87 


G15 


C 


0.71 


-0.27 


0.66 


G15 




-0.18 


0.01 


0.26 
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Table 1( 




jrforma 


nee Indices 


Wild-Type 
ResJ 
Ppfc 




PAF 
PI 


PAD 
PI 


Prot. 
PI 


GJ5 


E 


-0.18 


-1.42 


0.11 


G15 


G 


1.00 


1.00 


1.00 


G15 


H 


-0.18 


i -0.14 


-0.01 


G15 


K 


-0.18 


-0.14 


-0.01 


G15 


L 


-0.18 


-0.14 


-0.01 


G15 


N 


0,4$ 


! -0.63 


0.71 


G15 


P 


-0.18 


-5.42 


0.09 


G15 


R 


-0.18 


-0.14 


-0.01 


G15 


S 




0.63 


0.76 


GI5 


V 


-0.18 


-0.14 


-0.01 


W16 


A 


0.12 


0.5? 


0.50 


WJ6 


P 


0.02 


0.57 


0.32 




E 


0,06 


0.65 


0.46 




G 


0,0? 


-0.07 


0.38 


wi6 


H 


0.03 


-0.02 


0.55 


WJ6 


I 


0.02 


1.06 


0.74 


W16 


K 


0.01 


1.03 


0.73 


W16 


L 


-0.48 


1.16 


0.76 


W16 


M 


0.04 


0.37 


0.56 


W16 


N 


. 0,02 


-0.03 


0.43 


W16 


P 


0.0? 


0.15 


0.37 


Wl<5 


0 


0.05 


0.31 


0.47 


W16 


R 


0.03 


-0.41 


0.30 


W16 


S 


0.09 


-0.17 


0.3? 


W16 


T 


0.03 


-0.31 


0.41 


W16 


V 


0.01 


0.88 


0.76 


W16 


W 


1.00 


1.00 


1.00 


W16 


Y 


0.22 


1.09 


1.02 


V17 


A 


1.01 


0.68 


1.21 


V17 


E 


0.82 


0.75 


1.11 


V17 


F 


0.92 


0.85 


1.09 


V17 


G 


1.17 


0.84 


0.93 


V17 


I 


0.95 


0.99 


1.08 


V17 


K 


0.94 


0.84 


1.06 


V17 


L 


0.90 


1.00 


0.76 


V17 


P 


0.77 


0.96 


0.97 



Table n 


»tJ2, P< 


nfprma 


ncelnd 


ices 


Wild-Type 
ResJ 
Pos. 


Mitt 


PAF 
PI 


PAD 
PI 


Prot 
PI 


V17 


R 


1.10 


0.94 


0.76 


V17 


s 


0.96 


1.04 


089 


V17 


T 


0.93 


o r ?6 


1.03 


V17 


V 


1.00 


100 


1.00 


V17 


Y 


0,91 


0-8? 


0,?9 


P18 


A 


-0.28 


-0,94 


-0,03 


P18 


C 


1.26 


4.16 


2.56 


P18 


E 


1.22 


. 4-87 


2.47 


P18 


G 


1,07 


4,?6 


2 r 47 


P18 


H 


1,12 


6,05 


2,50 


P18 


L 


P?3 


7,40 


2,50 


P18 




1,33 


W2 


2.35 


PI? 


P 


h<X> 


hW 


LOP 


P18 


0 


M2 


..,,3,26 


2.13 


P18 


R 


1,16 


3,97 


2,0* 


P18 


S,- , 


Q,\\ 


0.07 


1.05 


P18 


V 


149 


4.85 


2.30 


P18 


Y 


1.33 


4,17 


1.68 


vi? 


A. 


0,61 


0,55 


lr?3 


VI? 


R , 


0,77 


PJ9 


0-80 


V19 


E 


0,74 


0,62 


M0 


V19 


G 


132 


0.56 


1,39 


V19 


K 


0.96 


0,97 


1.03 


VI? 


L 


100 


0 r 9l 


0.90 


V19 


M 


0.33 


0.12 


1.00 


V19 


P 


0.00 


-0.41 


0.76 


V19 


0 


0.93 


0.40 


1.07 


V19 


R 


1.03 


0.34 


0.82 


V19 


s 


1.24 


0.57 


0.80 


V19 


V 


1.00 


1.00 


1.00 


V19 


Y 


0.94 


0.70 


0.92 


E20 


A 


1.29 


1.28 


1.08 


E20 


C 


1.57 


1.76 


0.71 


E20 


D 


0.87 


1,14 


0.97 


E20 


E 


1.00 


1.00 


1.00 


E20 


G 


2.36 


0.78 


1.11 
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Table lfl 


1-12. Performs 


nee Ind 


ices 


Wild-Type 
ResJ 


Mat. 


PI 


PAD 
PI 


Prot 
PI 


E20 


ff 


2.17 


1.20 


0.92 


E?Q 


L 


2.20 


0.73 


0.92 


E20 


N 


1.40 


1.34 


\$\ 


E20 


P 


1.00 


1.43 


\m 


E2Q 


0 


1.27 


V56 


0.99 


E20 


3 


2.01 


1.18 


0.91 


E20 


T 


2.22 


l f 25 


0 T 94 


E20 


V 


2.11 


1.27 


1.01 


E20 


w 


2.94 


1.30 


0.79 


D21 


A 


1.46 


175 


. 0,84 


D21 


P 


1.00 


1.00 


1.00 


D21 




0.84 


UP 


0,8? 


D21 If 


1.30 


lAl 


0.81 


D21 


o 


1.37 


hit 


0 r 93 


D21 


K 


1.58 


J,?P 


074 


D21 


L 


1.46 


1.57 


0 t 82 


Wl 


P 


0.81 


08<> 


0.74 


D21 


S 


1.24 


141 


0.73 


DZl 


V 


-0.17 


-0.12 


-0.02 


P21 


w 


1.55 


1,44 


0.61 


D2J 


Y 


1.30 


2.01 


<W 


G22 


A. 


1 55 


1.66 


1.07 


G22 




0.15 


1.19 


0.56 


G22 


G 


1.00 


1.00 


1.00 


G22 


I 


0.37 


1.03 


1.03 


G22 


K 


0.23 


-0.22 


0.78 


G22 


L 


0.38 


1.35 


0.84 


G22 


P 


0.28 


1.36 


0.80 


G22 


0 


0.35 


1.44 


0.96 


G22 


R 


0.11 


0.56 


0.73 


G22 


s 


1.02 


0.98 


0.94 


G22 


T 


1.03 


U6 


0.80 


G22 


V 


0.40 


0.85 


0.89 


G22 


w 


0.25 


0.23 


0.58 


A23 


A 


1.00 


1.00 


1.00 


A23 


F 


0.05 


0.44 


1.03 



Table 10 






nee Indices 


Wad-Type 
Res./ 


Mi* 


PAF 
FI 


O ATI 

PI 


r rot. 
PI 


A23 


Q 


0,45 


0.35 


0.93 


A23 


H 


0.16 


1.04 


0 93 


A2? 


l> 


0.30 


1.30 


0.75 


A?3 


H 


0.85 


0.95 


0.90 


A23 


P 


-0 r l 1 


0 73 


0.82 


A23 


Q 


0.23 


0.73 


0.91 


A23 




0.11 


0.28 


0.80 


A23 


s 


0.69 


0 34 


0.87 


A?3 


V 


0,20 


0.60 


0 73 




W 


0.29 


0.80 


0 71 




Y 


0.20 


0 96 


0 73 


P24 


A 


0.54 


0.68 


0.88 




C 


0r?4 


1 04 


0 87 




Q 


0,4* 


0 76 


1.34 


P24 


H 


0.42 


0 07 


1 15 




I 


0.42 


0 85 


1 11 


P?4 


K 


0 r $? 


1 36 


0 71 


P24 


L 


0.58 


1.51 


1.06 


P24 


P 


1.00 


1 00 


1.00 


P*4 


0 


0.50 


0.65 


0.93 


P?4 




0.58 


0.91 


0.85 


P24 


s 


0.53 


0.61 


1.31 


P24 


T 


0.44 


0.66 


1.43 


T?5 


A 


l f 33 


0.86 


1.23 


T25 


C 


0.67 


0.51 


1.37 


T25 


D 


0.03 


-0.07 


0.87 


T25 


E 


0.08 


-0.29 


0.98 


T25 


G 


1.86 


0.43 


1.27 


T25 


H 


0.42 


-0.02 


0.94 


T25 


I 


1.02 


0.35 


1.19 


T25 


K 


0.36 


0.13 


0.87 


T25 


L 


0.40 


-0.04 


0.95 


T25 


M 


0.29 


-0.10 


1.04 


T25 


P 


0.97 


-0.05 


1.10 


T25 


R 


0.32 


-0.06 


0.94 


T25 


s 


1.60 


0.58 


0.?5 
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Table U 


Mi. Performs 


nee line 


Ikes 


Wild-Type 
MssJ ■ 
Pos. 


Mat, 


IT tTSJP 
PI 


PAD 
PI 


Prot 


T25 


T 


1.00 


1.0Q 




T25 


V 


0.91 


0,51 


1.30 


T25 


W 


0.33 


0-14 


0.86 


E26 


A 


1.93 


1.4$ 


0.79 


E26 


e 


1.40 


0,94 


0 T ?2 


E26 


D 


0.65 


1.39 


0,90 


E26 


E 


1.00 


1.00 


1.00 


E26 


G * 


1.28 


0.87 


0.82 


E26 


H 


1.33 


1.19 


0.71 


E2$ 


K 


1.46 


M7 


9-77 


m 


L 


1.30 


Ml 


977 


m 


M 


2 00 


U9 


9,89 


E26 


N 


1.37 


9,4? 


0.88 


E26 


p 


0.43 


0,99 


9,63 


E26 


R 


1.48 




O r 77 


E26 


s 


1 27 


9,2? 


9-9? 


E2<5 


T 


1.44 


0.40 


0.?2 


E26 


V 


1,39 


0,97 


0.85 


E26 


w 


L25 


0.47 


0.68 


R27 


A 


0.45 


2,7? 


0 f <>7 


R27 : 


C * 


0.35 


0.58 


0.50 


R27 


E 


0.58 


0.93 


0.46 


R27 


G 


0.42 


0.84 


0.24 


R27 


I 


0.72 


1,41 


9-79 


R27 


k; 


1.22 


1.55 


0.69 


R27 


L 


0.48 


2.60 


0.51 


R27 


P 


0.93 


0.48 


0.46 


R27 


R 


1.00 


1.00 


1.00 


R27 


s 


0.53 


0.69 


0.56 


R27 


T 


0.41 


0.01 


0.74 


R27 


V 


0.71 


0.?4 


0.85 


R27 


W 


0.21 


-0.59 


0.33 


F28 




1.27 


1.48 


0.92 


F28 


c 


0.93 


1.21 


0.87 


F28 


D 


0.67 


2.07 


0.40 


F28 


E 


0.51 


1.04 


0.85 



Table HU 


1-12. Perfonnnia 


ace Imdkes 


WM-Type 
ResV 
Pos. 




TO) A TO 

PI 




Prott. 

O 


F28 


p 


1 00 


1 ftft 


| oft 

— L-.yy. 


F2? 


G 


n 74 


— zLt2£ 


ft ^ri 


F28 


FT 


-ft 9ft 


•A 1A 

— zUJX 




F28 


T 
l 


-ft Oft 


aLlz 


A A1 


F28 


T 

bt 


i no 


9 ft9 


A <1 


F28 


M 


— LtAA 


1 '59 


A *7A 

yr70 


F28 


P 


a no 
9-P2 


a irs 


0.42 


F28 


D 

IV 


-ft 9ft 


_A 1 o 


A A1 

..-MAM 


F2? 


c 


1 AC 


A *7A 
UxZ9 


A QO 


F28 


y 


ft a* 


A C*J 




F28 


JOL 


1 1£ 
4*&H 




a on 
9rP9 


F28 


X 


A AA 

,-.,..0,9? 


1.36 


.. 9»77 


A29 


A 


Uw. 


J.r9P 


4 AA 


A29 


r* 

U 


t AS 


U7 


A *7^C 


A29 


n 


ft 99 


1 AA 
I. till 


- JJf.9 


A?9 


C 


1 12 


ft QA. 


1 ft9 


A29 


VI 


1 #>ft 


A 8A 




A29 


LVl 


ft *59 


A TT 

U. / / 


1 AA 
l.UO 


A2? 


P 


ft 9J! 


ft A9 


1 A*7 


A29 


IV 


1 9#S 


ft 91 


n si 


A2? 


c 


1 40 


ft ^ 


1 ft< 


A29 


T 


1 49 


ft 49 


1 ft9 


A29 


V 
Y 


1 &ft 

1 mO\J 


ft 44 


i ft<; 


A29 


w 


1.91 


0.74 


0.82 


A29 


Y 


1.70 


0.59 


0.96 


P30 


A 


1.05 


0.92 


1,15 


P30 


E 


1.01 


1.24 


1.20 


P30 


G 


0.90 


1.09 


0 T 99 


P30 


H 


1.01 


1.08 


1.05 


P30 


I 


0.97 


1.38 


0.95 


P30 


K 


1.21 


1.39 


1.06 


P30 


L 


0.96 


1.17 


1.07 


P30 


M 


0.96 


0.79 


0.94 


P30 


P 


1.00 


1.00 


1.00 


P30 


0 


1.01 


0.91 


1.06 


P30 


R 


1.16 


1.14 


0.94 
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Table 1( 


}-12. Performance Ind 


lices 


WikMType 
Res./ 
Pos. 


Mut. 


PAF 

PI 


PAD 

PI 


Prot 
PI 


P30 


S 


1.03 


1.49 


1,12 


P30 


T 


1.05 


1.64 


1.00 


P30 


V 


1.06 


1.74 


0r99 


P30 


Y 


0.79 


1.31 


1.04 


D31 


A 


1 24 


1 18 


0.80 


D31 


D 


1.00 


1.00 


1.00 


D31 


E 


1.13 


0.88 


0.93 


D31 


F 


1 44 


1 39 


0.65 


D31 


G 


1.44 


1.16 


0,79 


D31 


L 


1,81 


1,61 


0.65 


\>n 


N 


L34 


1.55 


0.62 


P?l 


o 


1 07 


1.13 


0,74 


D31 


R 


1.22 


1 49 


Q-50 


P?l 


s 


1.15 


L23 


0,55 


D31 


T 


1.45 


1.11 


P,76 


D31 


V 


1.28 


1.08 


0.50 


D?J 


w 


1.83 


1.14 


0.60 


V32 


A 


0.43 


3.64 


1.10 


V32 


D 


0.45 


4.19 


0-95 


Y32 


E 


0.57 


3;92 


1.00 


V32 


G 


0.58 


2.65 


0.98 


V32 




0.91 


3.51 


1,08 


V32 


K 


1.09 


4.73 


0.75 


V32 


L 


0.96 


4.72 


l r 01 


V32 


M 


0.64 


3,41 


1,11 


V32 


N 


0,54 


1.61 


0.99 


V32 


P 


0.01 


-1,17 


0.31 


V32 • 


0 


0.64 


1,74 


1.03 


V32 


R 


1,05 


0.72 


0.51 


V32 


S 


0.77 


1.09 


0.85 


V32 


v 


1.00 


1.00 


1.00 


V32 


w 


0,94 


1.71 


0.70 


R33 


A 


0.20 


1.32 


0.52 


R33 


C 


0.44 


1.73 


0.95 


R33 


D 


-0.16 


-0.30 


-0.02 


R33 


E 


-0.16 


-0.30 


-0.02 



Table 1( 


1-12. P< 


arforma 


ncelnd 


lices 


Wild-Type 
ResJ 
PQfc 


Mut 


PAF 


PAD 
PI 


Prot 
PI 


R33 


G 


0,64 


2,63 


0.47 


R33 


H 


-0,16 


-0.?0 


-0.02 


R33 


K 


0.85 


2,72 


6.81 


R33 


L 


034 


2,90 


0,74 


R33 




0.90 


130 


0,92 


R33 


P 


-0.16 


-0.30 


-0,02 


R33 


R 


1.00 


1,00 


1.00 


R33 


s 


1.00 


. 1,01 


0,7? 


R33 


V 


0.?0 


0,94 


0.89 


R33 


w 


-0.16 


-o,30 


,..-0,02 


W34 


A. 


-0,15 


2,29 


0r41 


W34 


Q 


-0.15 


1.49 


0,52 


W34 


E 


-0.15 




0,17 


W34 


0 


0,12 


0,88 


0.23 


W34 


I 


0,18 


0,94 


0,75 


W34 


K 


-0.15 


-0,15 


-0,02 


W34 


H 


0.16 


1,22 


0,91 


W34 


P 


-0.15 


121 


0.26 


W34 


0 


0,02 


0,04 


0.25 


W34 


k ■ 


, 0^2 


-0,33 


0.16 


W34 


s 


0,47 


0.08 


029 


W34 


T 


0.?6 


0-15 


0.29 


W34 


V 


0.24 


0J3 


0.71 


W34 




1.00 


1,00 


1.00 


T35 


A 


0.45 


385 


0.98 


T35 


C 


0.55 


4.72 


146 


T35 


E 


0.30 


5.73 


0.26 


T35 


I 


0.63 


5.38 


0.45 


T35 


K 


-0.13 


-0.54 


-0.01 


T35 


L 


-0.13 


-0.54 


-0.01 


T35 


M 


0.17 


2.72 


0.40 


T35 


N 


0.20 


-2.29 


0.43 


T35 


P 


-0.13 


-0.54 


-0.01 


T35 


0 


0.57 


-2.07 


0.52 


T35 


R 


0.18 


-11.34 


0.23 


T35 


T 


1.00 


1.00 
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Table It 


M2, P< 


srformance Indices 


Wild-Type 
ResJ 
Pos, 




PI 


r> ATI 
PI 


Jrroi. 
PI 


T35 


V 


0.71 


0.34 


0.81 


T35 


W 


-0.13 


-0.54 


-0.01 


T35 


Y 


-0.13 


-0.54 


-0.01 


G36 


A, 


0.63 


1.07 


1.00 


Q36 


C 


0.53 


1.06 


JL09 


Q36 


D 


-0.12 


2.50 


0 28 


Q36 


G 


-0.12 


-0.10 


-0.02 


Q36 


R 


0.73 


1.10 


0.98 


G36 


I 


1.32 


1.81 


031 


G36 


K 


1.27 


1.71 


0.84 


G36 


I- 


1.24 


2.49 


0 39 


G36 


M 


0.85 


0.54 


0.85 


G36 


N 


0.49 


0.56 


1.08 


03$ 


P 


-0.12 


-0.10 


-0.02 


G?6 


0 


0.56 


0.71 


1.07 


G36 


R 


0.99 


0.90 


0.85 


G36 


S 


0.78 


0.26 


1.06 


G36 


r 


0.76 


0.33 


.0.83 


G36 


V 


0.95 


-0.38 


0.42 


G36 


w 


0.91 


0.68 


o r ?7 


V37 


A 


1.25 


, ?.oo 


0.63 


V37 


c 


1t09 


1.03 


0.68 


V37 


H 


1.21 


0,96 


0.78 


V37 


I 


1 O/Z 

,. 1.26 


1 C\A 

1.04 


0.77 


V37 


L 


1.16 


1.16 


0.71 


V37 


N 


0.90 


1.52 


1.09 


V37 


P 


0.53 


2.10 


0.73 


V37 


O 


-0.11 


-0.14 


-0.02 


V37 


R 


-0.11 


-0.14 


-0.02 


V37 


s 


1.40 


1.49 


0.81 


V37 


T 


1.05 


0.81 


0.63 


V37 


V 


0.1123 
9 


0.1441 

2 


-0.02 


V37 


w 


0.92 


0.98 


0.62 


L38 


A 


0.59 


0.63 


0.78 



Table 1( 


M2, p< 


irforma 


nee Indices 


WHd-Type 
ResJ 
Pos t 




PAF 

w 


pin 
PI 


trot. 
PI 


L38 


C 




0.72 


0.89 


L38 


D 




0.12 


0.24 


L39 


E 


-0.15 


-0 61 


0.26 


L38 


G 


045 


-0 72 


0.32 


W? 


KL 


0.6? 


-0 22 


0 16 


L38 




1.00 


1.00 


1.00 


L38 


P 


-04? 


-0 78 


0 28 


L3? 


0 


-94$ 


-0 02 


0 47 


L3? 


R 


-0.15 


-0 96 


0 34 


L38 


S 


0.38 


0 29 


0 48 


W* 


V 


. 0M 


1 12 


0 73 




w 


. "94? 


-0 11 


-0.02 


A39 


A 


1.00 


1 00 


1 00 


A3? 


C 


0.63 


0 92 


0 50 


A39 


E 


1.09 


0 83 


1.03 


A39 


F 


-Q.17 


-0 11 


-0.02 


A?9 


Q 


1,17 


0.30 


0 92 


A39 


I 


1.20 


0 71 


0 91 


A?9 


k; 


1.36 


0.96 


0 90 


A39 


L 1 


M3 


0.97 


0.93 


A39 


H 


0,?2 


0.81 


0 46 


A39 


N 


0,?l 


0.43 


0.45 


A39 


P 


9,69 


0.74 


0.45 


A39 


R 


147 


0.64 


0.94 


A39 


S 


Q.49 


-4.31 


0.16 


A39 


T 


1.26 


0.79 


0.92 


A39 


V 


1.21 


0.98 


1.18 


A39 


W 


J.23 


1.02 


0.94 


A39 


Y 


1.36 


1.13 


0.90 


O40 


D 


1.16 


1.59 


0.69 


040 


E 


1.08 


1.28 


0.81 


O40 


G 


1.79 


2.17 


0.93 


040 


I 


2.58 


1.10 


0.49 


O40 


K 


2.61 


3.64 


0.52 


O40 


L 


244 


1.49 


0.53 


O40 


N 


1.53 


1.00 


0.78 
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Table 1C 


►-12. Performa 


nee Ind 


lices 


Wild-Type 
MssJ 
Pes. 




PI 


PAD 
PI 


Prot 
PI 


O40 


P 


0.45 


-0.19 


0.24 


040 


Q 


1.00 


1.00 


1,00 


Q4Q 


R 


1.89 


1,48 


0,61 


Q40 


S 


1.57 


1,65 


0-87 


040 


T 


2.01 


1,81 


0.75 


Q40 


W 


2.39 


2.59 


0.54 


040 


Y 


1.83 


2.02 


0.65 


041 


A 


1.03 


2.58 


0.73 


041 


G 


0.97 


1.09 


0.77 


041 


H 


1.12 


1,14 


0.89 


04H 




1.38 




0.70 


94J 


L 


1.00 




0,79 


041 


P 


0.21 


0,66 


Qr45 


041 


O 


1.00 


l,QQ 


100 


041 


R 


1.19 


U7 


Pr74 


041 


S 


1.11 


0.22 


0,92 


041 


V 


1.07 


-0.05 


0.90 


041 


w 


1.14 


0.88 


0.71 


041 


Y 


L09 


0.70 


0.8? 


IA2 


c 


0.76 


M3 


0.68 


IA2 


D 


-0.14 


-0-17 


-0.02 


L42 


F 


1.07 


1.02 


0.48 


IA2 


G 


1.17 


0.76 


0.50 


U2 


H 


1.92 


-0.?3 


045 


IA2 


L_ 


0.97 


0.66 


0.83 


L42 


K 


2.46 


1.41 


0.13 


L42 


L 


1.00 


1.00 


1.00 


L42 


M 


0.78 


0.74 


0.95 


L42 


P 


0.71 


1.34 


0.23 


L42 


Q 


0.57 


0.28 


0.40 


L42 


R 


1.38 


0.64 


0.15 


L42 


s 


0.97 


0.45 


0.46 


L42 


T 


1.08 


-0.04 


0.41 


L42 


v 


0.91 


0.73 


0.74 


L42 


W 


2.06 


-0.70 


0.14 


G43 


A 


1.49 


1.07 


0.45 



Table 11 


►-12. P< 


srfforaia 


ncelmd 


Jces 


Wild-Type 
MsbJ 
P0*t 


Mnt. 


PAF 
PI 


PAB 

. m , 


Pr©4. 

n 




C 


*,48 


0.73 


P,3« 


G43 


E 


1,25 


1,88 


0,66 


94? 


0 


1.00 


1,00 


1.00 


043 


H 


U7 


0-96 


0.63 


Q43 


I 


0,94 


0.77 


0.42 


Q4? 




1.42 


0,86 


0,65 


G43 


i* 


1.22 


1,82 


0.42 


G43 


M 


\.v 


0,88 


Q,?8 


G43 


P 


xm 


0 f 3J 


0,65 


G43 


Q. 


0.91 


0,48 


0,63 


G43 


R , 


\» 


0.59 


0.57 


G43 


5 


JUJ8 


0,23 


, P,79 


G43 


V 


0,93 


. 0,33 


0,44 


G43 


Y 


126 


0,94 


,0,36 


A44 


A 


1.00 


1,00 






c 


1,80 


1,92 


0,46 


A44 


D 


-0.J7 


-0.11 


-0.01 


A44 


E 


" -047 


0.03 


0.10 


A44 


F 


2.84 


0.80 


0,99 


A44 


H 


-0.17 


■Ml 


-0.01 


A44 


L 


L61 


Q f 9? 


0,87 


A44 


M 


1,20 


0.98 


0.71 


A44 


P 


-0-17 


-0.11 


-0,01 


A44 


R 


0.29 


-2.17 


0.08 


A44 


S 


0.52 


-0.92 


0.16 


A44 


T 


0.30 


-1.11 


0.14 


A44 


V 


2.13 


0.50 


0.94 


A44 


w 


1.40 


0.85 


0,61 


A44 


Y 


0.30 


-0.23 


0.10 


D45 


A 


1.04 


0.84 


0.99 


D45 


C 


0.83 


0.84 


0.48 


D45 


D 


1.00 


1.00 


1.00 


D45 


F 


1.11 


1.04 


0.66 


D45 


G 


1.13 


0.84 


0.94 


D45 


H 


1.13 


0.78 


0.70 


D45 


K 


1.34 


0.87 


0.86 
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Table V 


M?. P 


erformi 


nee Ip< 


ices 


Wad-Type 
ResJ 

T>_ _ 

JrOS. 


Ik At A. 


PAF 
_ PI 


PAD 
PI 


Prot 

,—JH 


U45 




1.Q5 


0.78 


0,55 


r\A c 
D45 




0.86 


0 r 78 


0.38 


045 


P 


0.75 


0.53 


0.72 


U45 


Q 


1.Q4 


O.57 


0.81 


D45 


R 


U£ 


0.49 


072 


045 


$ 


1,13 


Qr38 


0 T 9? 


D45 


T 


1.27 


0.44 


0.86 


D45 


V 


1.05 


0.50 


0.70 


D45 


W 


U5 


0.5? 


0,54 


F46 


A 


0.92 


1.2? 


1.05 


F4$ 


C 


Qr?4 


U$ 


\$>\ 


F?46 




1.17 


J39 


0,?4 




E 


1,2? 


hn 


033 


F4£ 


F 




1.00 




F46 


G 




094 


0.61 


F46 




-0 r 13 


-043 


-0.01 


F46 


I 


Pr90 


0.88 


0.91 


F46 


K 


1.00 


1 T 46 


0.48 


It-* A £~ 


L 


0.7? 




0.74 


C A AT 

F46 


M 


QJS 




0.31 


F46 


P 


0,64 


lr?0 


026 


¥46 


s 


0.73 


0.66 


0.72 


T?A AT 
F46 


T 


0,86 


0.43 


0.7? 


r4p 


* r 

v 


0 r 82 


0.79 


0.89 


F46 


w 


0.94 


0.63 


0.91 




A 




U. /o 


A OA 

0.84 


E47 


c 


0.83 


0.77 


0.99 


E47 


D 


0.99 


0.98 


0.97 


E47 


E 


1.00 


1.00 


1.00 


E47 


F 


1.09 


0.76 


0.96 


E47 


G 


1.20 


1.10 


0.76 


E47 


H 


1.27 


0.99 


0.93 


E47 


[ 


1.03 


1.15 


1.02 


E47 


EC 


1.19 


1.06 


0.89 


E47 


L 


1.00 


1.02 


0.96 


E47 


M 


0.90 


0.70 


0.84 



Table 1( 


P< 


erformance f nc 


ices 


Wild-Type 
ResJ 
Pos. 




PA IT 
PI 


PI 


Prot 
PI 


E47 


N 


0.91 


0.63 




E47 


P 


1.36 


0 36 


0,49 


E47 


R 


2.45 


0 62 


075 


E47 


? 


1.28 


0 63 


0r33 


B47 


T 


1.96 


0 84 


0 f 93 


V48 


A 


0.60 


1 63 


0,47 


V48 


Q 


0 83 


2 25 


0.91 


V48 


E 


0.02 


0 99 


0 f 18 


V48 


F 


0.67 


1 42 


0,57 


V48 


G 


0 61 


0 87 


0,2$ 


V48 




0 92 


2.29 


-.0,91 


V48 




0.85 


1 79 


0.71 


V48 


N 


-0 15 


0.98 


0,2? 


V48 




0 21 


3 08 


.0.34 


V48 


0 


0.19 


1 39 


0r32 


V48 


R 


0 76 


-1 17 


045 


V48 


s 


0.65 


0 42 


0 T 4Q 


V48 


V 


1 00 


1 00 


1.00 


V48 


w 


-0.15 


-0 19 


-0.02 


149 


A 


0.92 


1 87 


0.58 


149 




1.02 


0.88 


0-75 


149 


Q 


1.34 


1.12 


0.28 


149 


h i 


1.27 


0.74 


0.77 


149 


1 


1.00 


1.00 


UrOO 


149 


k; 


1.23 


l t 26 


0.72 


T Af\ 

149 




1.14 


1.03 


0.93 


149 




1.01 


1.02 


0.69 


149 


> 


0.47 


0.16 


0.29 


149 




1.05 


0.29 


0.56 


149 


s 


1.24 


0.79 


0.70 


149 


V 


1.20 


0,97 


0.94 


149 


w 


0.70 


0.68 


0.64 


149 


Y 


1.07 


1.02 


0.82 


E50 


A 


1.12 


1.23 


0.58 


E50 


D ! 


0.78 


1.22 


0.80 


E50 


7 


1.00 


1.00 


1.00 
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Table 10-12. Performa 


nee Ind 


Ices 


wiio-Jiype 
Res./ 
Pos. 


Mut 


PAF 

PI 1 


PAD 
PI 


Prot 
PI 


E50 


G 


0.93 


1.11 


0.60 


E50 


L_ 


0.84 


0.58 


0.67 


E50 


L 


1.19 


0,97 


0.41 


E50 1 


M 


1.18 


1.04 


0.38 


E50 ! 


P 


0.85 


1.02 


0.71 


E50 


O 


0.98 


0.91 


0.70 


E50 


R 


0.46 


-0.77 


0.20 


E50 


s 


0.87 


0.65 


0.76 


E50 


V 


1.00 


0.43 


0.81 


E50 


w 


0.75 


044 


049 


E51 


A 


JL28 


2,72 


0.74 


E51 


D 


0.66 


1.28 


0,91 


E51 


E 


1.00 


1.00 


1.00 


E51 


G 


1.22 


1.34 




E51 


I 


1.07 


Q,04 


\ 0.52 


E51 


K 


0.38 


2.00 


0.36 


E51 


L • 


1.11 


0.93 


0.57 


E51 


M 


0.40 


1.20 


0.84 


E51 


P 


-0.12 


-0.39 


-6.02 


E51 


O 


0.98 




0.84 


E51 


R 


0.35 


-0,97 


0.29 


E51 


T 


1.18 


1.17 


0.48 


E51 


V 


1.47 


0.37 


0.70 


E51 


w 


0.44 


0.17 


0.22 


G» 


A 


0.54 


0,79 


0.?0 


G52 


E 


-0.12 


0.55 


0.41 


G52 


F 


-0.12 


-0.08 


1 0.52 


G52 


G 


1.00 


1.00 


j 1.00 


G52 




0.18 


-0.60 


0.49 


G52 


I 


0.10 


0.07 


0.80 


Q52 


L 


0.17 


0.24 


0.58 


G52 


M 


0.05 


-0.64 


0.56 


G52 


P 


-0.12 


0.24 


0.76 


G52 


0 


-0.12 


0.28 


0.52 


G52 


R 


-0.12 


0.35 


0.18 


G52 


S 


! 0.13 


-0.18 


0.83 





-*2. Fe 


rforma 






Wad-Type 
Res7 

Pp?r 


Mwtt 


PAF 
PI - 


PAD 

n 


Prot 
PI 


G52 


T 


p.io 


-0,17 


0.76 


Q$2 


V 


040 


rO40 


0.86 


G52 


w 


0.92 




043 


W3 


D 


0.01 


OrOJ 


0.72 




P 


0.88 


049 


0.77 


L53 


Q 


U2 


O f 33 


0.80 


L?3 


ft 


5,05 


1,70 


0.27 


*^3 




0.55 


0 B 6$ 


0.8? 


W3 


k: 


0-S9 


0.24 


Pr70 


L5? 




1.00 


1.00 


1.00 


W3 




-041 


-0.64 


0.07 


W3 


0 


U? 


0,72 


0^9 


W3 




Q?0 


^0r02 


0.66 


W3 


s 


1.16 


0,2$ 


095 


W3 


T 


im 


0.84 


0J5 


M3 


V 


0.52 


0.65 


0.88 


L53 


W 


0.02 


-0.07 


0.77 


S54 


A 


3.46 


1.41 


1.33 


S54 


C 


1.26 


OrS? 


1.21 


s?4 


P 


-047 


0r« 


1,0? 


S54 




-047 


0.30 


1.16 


S54 


E„ 


0.74 


-0,14 


0.91 


S54 


Q 


1.43 


0.17 


0.93 


S54 


H 


-0.17 


0.00 


1.06 


S54 


I 


4.78 


0.12 


0.94 


S54 




1.44 


0.08 


0.78 


S54 


L 


2.02 


0.26 


0.59 


S54 


M 


0.01 


0.48 


1.01 


S54 


N 


0.29 


1.29 


1.01 


S54 


P 


5.20 


1.30 


0.98 


S54 


0 


1.03 


0.53 


0.99 


S54 


R 


3.38 


0.35 


0.84 


S54 


s 


1.00 


1.00 


1.00 


S54 


T 


1.46 


0.33 


0.88 


S54 


V 


4.72 


0.29 


0.95 


S54 


w 


0.11 


-0.07 


0.?3 
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Table 1( 


)-12. Performs 


ncelnd 


ices 


Wild-Type 
Res./ 

PQSr 


Mat. 


PAP 

Mr Ar 

PI 


PAD 
PI 


Prot. 
PI 


S54 


Y 


0.37 


0.12 


0.89 


A55 


A 


-0.11 


-0.J5 


41,01 


A55 


c 


0.14 


1,26 


0.98 


A55 


G 


1.69 


0,7? 


0.98 


A55 


H 


0.04 


Q-92 


0,93 


A55 


I 


0.34 


-0.43 


0.80 


A55 


K 


0.52 


1.08 


0.68 


A55 


L 


\ 0.11 


0.?7 


0.81 


A55 


N 


0.34 


1.05 


1-12 


A55 


p 


-0 11 


-0,01 


0.84 


A55 


R 


0 56 


. 0,25 


0.99 




s 


0.76 


0,87 


1-08 


A55 


r 


1.69 


Q42 


w\ 


A55 


v 


0.49 


-0,51 


0,96 


A55 


w 


0.00 


-0,05 


0.88 


A?? 


Y 


0.00 


, , <U8 


0.94 




A 


0.22 


0,69 


0 r 85 


R56 


c 


0.45 


-0.02 


0.93 


R56 


E 


-0.12 


-0,04 


0,16 


R56 


G 


0.30 


-0,59 


0,56 


R56 


H 


-0.12 


-0-37 


-0,02 


R56 


K 


-0.12 


-0.37 


-0.02 


R56 


L 


0.05 


0 r 24 


0.87 


R56 


N 


0.18 


0,27 


0.31 


R56 


P 


-0.12 


-0,37 


-0.02 


R56 


0 


0.01 


-0.01 


1.02 


R56 


R 


1.00 


1.00 


1.00 


R56 


s 


0.39 


0.12 


0.55 


R56 


T 


0.10 


-0.37 


. 0.85 


R56 


W 


-0.12 


-0.37 


-0.02 


R56 


Y 


-0.12 


-0.37 


-0.02 


T57 


A 


0.60 


0.65 


0.59 


T57 


C 


0.60 


0.40 


0.85 


T57 


G 


0.92 


1.05 


0.53 


T57 


H 


0.83 


0.61 


0.23 


T?7 


I 


1.19 


0.87 


0.65 



Table 11 


1-12. P< 


srforma 


ncelnd 


lices 


Wild-Type 
Res./ 

Pw, 


Mut. 


PAF 
PI 


PAD 
PI 


Prot 
PI 


T57 


L 


0.63 


0,76 


0,95 


T57 


N 


0.89 


.0.25 


0,69 


T57 


P 


0,33 


-0.87 


043 


T57 


R 


1.61 


-0.66 


0,14 


T57 


s 


1.63 


__L0J 


0.88 


T57 


T 


1.00 


l.oo 


1,00 


T57 


V 


1.28 


0.87 


0.84 


T57 


w 


-0.08 


-O.io 


-0.01 


T57 


Y 


0,52 


055 


0,4? 


T58 


A 


. 0,65 


036 


076 


T5? 


E 


,.M9 


-0,10 


-0,02 


T5? 


G 


-0.1? 


-0AQ 


-0,02 


T58 


H 


, 0.89 


....MP 


0.74 


T58 




-0.19 


-040 


-0.02 


T58 


t , 


088 


142 


0,78 


T58 


M 


0,56 


0.03 


0,50 


158 


P 


-0,19 


-0.10 


-0.02 


T58 


R 


-0.19 


-0.10 


-0.Q2 


T5? 


s 


0,82 


096 


0,90 


T58 


T 


....1,00 


,1,00 


1,00 


T58 


V 


0.56 


0,96 


143 


T58 


w 


-0.19 


-0.10 


-0,02 


T58 


Y 


-0-19 


-040 


-0.02 


N59 


A 


0.35 


10.44 


0-73 


N59 


C 


0.40 


11.23 


0.78 


N59 


D 


0.52 


11.72 


0.67 


N59 ! 


E 


0.66 


9.88 


0.38 


N59 


F 


0.82 


10.23 


0.57 


N59 


G 


0.88 


10.00 


0.66 


N59 


K 


0.89 


8.21 


0.31 


N59 


L 


0.88 


14.74 


0.32 


N59 


M 


0.42 


-1.42 


0.72 


N59 


N 


1.00 


1.00 


1.00 


N59 


P 


0.12 


-55.11 


0.14 


N59 


0 


1.02 


1.86 


0.73 


N59 


R 


1.09 


-11.28 


0.39 
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Table 11 


M2. Performs 


nee Indices 


Wild-Type 
ReaJ 
P09, 


Mut. 


PAF 
PI 


PAD 
PI 


Prot. 
PI 


N59 


S 


1.06 


7.32 


0.74 


NS9 


T 


1. 07 


5.63 


0.56 


N59 


V 


0.8 1 


9.97 


0.96 


N5? 


w 


1.13 


12.80 


0.59 


N5? 


Y 


0.80 


11.14 


0.61 


I6p 


A 


0.8 1 


0.79 


1.20 


T6Q 


C 


0.69 


1 0.67 


0.97 


160 


D 


0.83 


0.66 


0.56 


160 


E 


0.87 


0.92 


0.83 


160 


G 


l.OO 


1.04 


0.86 


160 


H 


1.02 


1.07 


0.96 


WO 


I 


l.OO 


i 1.00 


1.00 


WD 


K 


0.99 


\ 0.96 


0.73 


160 


L 


0.95 


0.91 


1.02 


160 


M 


0.96 


0.68 


1.14 


160 


P 


0.23 


0.32 


0.31 


160 


R 


l.OO 


0.81 


0.79 


160 


S 


0.78 


1.00 


0.92 




V 


0.87 


1.06 


1.06 


s — 

160 


y 


0.78 


1.19 


0.89 


P6J 


A 


0.70 


0.71 


1.41 


D61 


C 


0.79 


0.85 


0.92 


D61 


D 


LOO 


1.00 


1.00 


D61 


F 


hQl 


0.70 


0.61 


D61 


G 


0.8 1 


1.25 


0.84 


D6l 


H 


1.44 


1.67 


0.97 


D6l 


I 


1.08 


1.66 


0.98 


D6l 


K 


0.92 


1.72 


0.97 


D6l 


L 


0.80 


1.20 


1.00 


D6l 


N 


0.79 


1.00 


1.12 


D6l 


P 


0.83 


1.13 


0.97 


D6l 


0 


0.8? 


1.16 


1.02 


D6l 


R 


l.ll 


1.59 


0.69 


D6l 


s 


1.26 


1.35 


0.97 


D6l 


V 


0.95 


0.97 


1.10 


D6l 


Y 


0.84 


0.95 


1.03 



Table 11 


)-12. Performance In<3 


ices 


Wild-Type 
ResJ 
Pos t 


Mut 


1> A 17 

rAM* 
PI 


PI 


Prot. 
PI 


D62 


A 


-0 24 


Oil 


lrQ6 


D62 


c 


0 52 


0 49 


0.96 


D$2 


E 


1.02 


0 60 


0.93 


D62 




0 2ft 


-ft 91 


QrW 


D62 




0 61 


-ft ftl 


Qr?9 


D62 


I 


0.72 


-ft 25 


Q.92 


D62 


L 


0 51 


-ft XI 


0.95 


D62 


M 


0 03 


-ft OA 


>.Q6 


D62 


p 


-ft OA 


-ft 55 




D62 






-ft 15 


0.86 


D62 


R 


0 12 


-ft ftl 


0,6? 


D62 


6 


ft 57 


-ft 1ft 




D$? 


T 


0 76 


-ft 41 


, 0.7^ 


D62 


V 


ft 69 


-ft 96 


0,87 


D62 


W 


0 58 


-ft 45 




P63 


\ 


1 IS 


ft 6ft 
viOV 




P63 


F 


1 25 


ft 01 


Q,97 


P63 


G 


1 71 


1 92 


Jl.OO 


m 


K 


1 40 


1 02 


0.99 


P63 


L 


1 15 


1 23 


P,?4 


Pff 


M 


1 46 


ft 01 


1.09 


P63 


0 


1 09 


1 05 


1.08 


P63 


R 


1 31 


0.80 


1.02 


P63 


S 


1.42 


0.90 


1.17 


P63 


T 


1.50 


1,32 


1.02 


P63 


V 


1.31 


1.04 


1.06 


P63 


W 


1.35 


1.11 


0.86 


P63 


Y 


1.35 


0.95 


1.12 


T64 


A 


0.96 


1.20 


0.97 


T64 


C 


0.78 


0.88 


1.05 


T64 


D 


0.87 


0.64 


0.81 


T64 


G 


1.23 


1.08 


1.00 


T64 


H 


0.89 


0.96 


0.90 


T64 


L 


0.63 


1.22 


0.93 


T64 


M 


0.68 


1.09 


1.07 


T64 


N 


0.69 


0.98 


0.91 
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Table 1C 


M2 t r« 


xformance Ind 


ices 


WUd-Type 

RetU 
Pos t 


Mut 


PAF 
PI 


PAD 
PI 


Prot. 
_ PI 




n 
r 


0.76 


0.?4 


0.61 






0,7$ 


0.87 


U3 






9.1? 


OM 


1.0? 


164 


s 






1t03 


T64 


T 


1.00 


IW 


- 4t00 


T64 


W 


0.71 


0.69 


0.72 


D65 


A 




0.72 


0.72 


B§5 


D 


1.00 


1.00 


1.00 


D£5 


Q 


0.80 


0.52 


0.88 


D65 


H 


MP 


0.40 


0.71 


D65 


I 




0t$? 


0.46 


P$5 


P 


-0,33 


0r4? 


009 


P$5 


R 


0,4* 


0-?2 


0.84 





5 


117 


0,47 


0J$ 


D65 


T 


O.90 


0 f 5p 


0.6? 


D<>$ 


V 


0.88 


0.20 


0.64 


D65 


W 


Q.77 


0.50 


0.65 


D65 


Y 


0-93 


0.42 


0.64 


P60 


A 


0,50 


0.56 


1.03 


P66 


c 




0,5? 


h9l 


Pfa 


D 


1.00 


0J2 


o t 90 


P66 




0.95 


0,$7 


,1.02 


P6$ 


Q 


1.50 


0.44 


1.78 


P$6 


H 




0.95 


1 T 23 


P66 


I 


1.59 


0.84 


1.51 


EPP 


L- 


144 


0.99 




P66 


N 


1.12 


0.38 


1.62 


P66 


P 


-0.09 


-0.11 


-0.01 


P66 


0 


1.46 


0.42 


1.91 


P66 


R 


1.85 


0.51 


1.26 


P66 


S 


1.39 


1.02 


0.98 


P66 


T 


1.41 


1.10 


0.72 


P66 


V 


1.83 


0.89 


1.12 


P66 


Y 


1.33 


0.70 


1.08 


R67 


A 


-0.20 


0.22 


1.39 


R67 


E 


1.04 


0.11 


0.85 



Table If) 


-12. Pc 


srfprma 


nee Indices 


WUd-Type 
Res./ 
Pos T 


MPtr 


PAF 

PI 


PAD 

PI 


Prot 
W 


K.07 


r 


1.26 


0 t 01 


1x01 


P$7 


G 


1.39 


0.41 


0.81 


R$7 


rr 


A fit 

Or? J 


0.99 


0.7$ 


R67 


L 


lt?0 


0.16 


1.46 


R67, 




1.58 


0.33 


IrOO 


R67 


P 


1.0} 


0 r 04 


1,04 


R67 


Q 


1.16 


043 


1,60 


R^7 


R 


1.00 




1.00 


)R67 


T 




0r3? 


0.76 


R67 


V 


0.89 


04? 


1.24 


R67 


W 


1.07 


0,02 


0.95 


W9 


A 


0.59 


-0.11 


L07 


t-69 


c 


07$ 


o t o<? 


0.85 


W9 


p 


-04$ 


o T 44 


0.55 


L£? 


E 


. JU44 


043 


0.87 


L$9 


F 


0.70 


0,25 


1.00 


Iy$9 


0 


1.09 


-o t o? 


IrOO 


L68 


H 


1.05 


0.22 


0.89 


L68 


I ! 


M3 


O r 73 


0.86 


L$8 


I- 


1.00 


1,00 


1.00 


L68 


M 


0.59 


0,03 


0.99 


L£8 


KT 

N 


o T ?i 


o.io 


0,95 


L68 


P 


0.29 


0r35 


0,82 


Loo 


Q 


050 


0,25 


oso 


T CO 

Loo 


ii 
R 


0.19 


0.47 


0.75 


LOO 


c 




0.07 


0.93 


L68 


T 


1.03 


0.32 


0.92 


L68 


V 


1.09 


0.51 


1.01 


L68 


W 


1.21 


0.56 


0.88 


L68 


Y 


0.71 


0.45 


0.97 


N69 


A 


0.92 


143 


0.93 


N69 


C 


1.05 


1.20 


1.18 


N69 


D 


0.90 


1.11 


1.05 


N69 


G 


1.20 


0.98 


1.06 


N69 


R 


1.36 


1.52 


0.73 


N6? 


I 


1.47 


1.75 


0.69 
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Table 1( 


J-12 t P« 


;rforma 


nee Ind 




WUd-Type 
ResJ 


Mufc 


PAF 
PI 


PAD 
Pf 


Prot 

n 


N69 


K 


1,72 


1.59 


0.84 


N69 


L 


1.30 


1.20 


0,36 


N69 


N 


1.00 


1,00 


1,00 


N69 


P 


1.00 


0,5? 


0,66 


N69 


0 


1.07 


114 


0,74 


N69 


R 


1.49 


0.83 


0.84 


N69 


$ 


1.21 


„. 1.42 


1.03 


N69 


T 


1.35 


1.43 


0.87 


N69 


V 


1.99 


1,73 


0.87 


N69 1 


W 


1.05 


0,55 


0.36 


N69 


V 


0,88 


.0,17 


0,44 


G70 


A. -, 


, P,85 


l,4\ 


1,08 


G70 


C 


...0J2 


^0,90 


0,40 


G70 


E 


-Q.16 


Q.33 


0,28 


G70 


F 


0,00 


-036 


0.21 


G70 


0 


1,00 


1.00 


1.00 


G70 




0.04 


1,90 


0-26 


G70 


I 


0.04 


0.27 


0.33 


G70 


Ki 


0.03 


-0.80 


0,26 


G70 


L 


0,03 


101 


0,30 


G70 


M 


6,62 


-0,72 


0.29 


G70 


N 


0.02 


-0,76 


0.37 


G70 


P 


0.16 


-0.58 


0.29 


G70 


0 


o,oz 


-0.83 


0,36 


G70 


R 


0.08 


-1.84 


Q.25 


G70 


s 


0.69 


0.64 


0.88 


G70 


T 


0.27 


-0.10 


0.45 


G70 


V 


0.16 


-0.52 


0.34 


G70 


Y 


0.08 


-0.33 


0.38 


A71 


A 


1.00 


1.00 


1.00 


A71 


c 


1.01 


0.99 


0.85 


A71 


D 


0.70 


0.65 


0.68 


A71 


E 


1.45 


0.81 


0.83 


A71 


F 


1.13 


0.99 


0.75 


A71 


G 


1.59 


0.68 


0.85 


A71 


H 


1.70 


0.78 


0.75 



Table JC 


»-12, P< 


srforma 


nee Indices 


WUd-Type 
ReaJ 

Pot. 


Mut, 


PAF 
PI 


JrAMJ 
PI 


PI 


A71 


I 


1.51 


0 7Q 


0 81 


A71 


K 


1.44 


1 01 


0 76 


A71 


h 


1.23 


0.84 


0 85 


A71 


M 


0,98 


1 11 


0 81 


A71 


N 


1.23 


0 61 


0 77 


A71 


p 


-0.14 


-0 05 


0 46 


A71 


R 


1.40 


0 77 


0 71 


A71 


$ 


1.75 


0 6Q 


0.84 


A71 


T 


1.70 


0 79 


0 83 


S72 


A 


0.55 


% 52 


1 Ofi 


S72 


c 


o f ?$ 


2 18 


O Qf% 


§72 


p , 


0.40 


0 80 


O 90 


S7? 


E 


0.61 


0 91 


O 99 


S72 


F 


0.94 


1 15 


O 80 


$72 


G 


1.20 


1 76 


O 87 


S72 


n 


1.21 


2.48 


0.82 


S72 




l f 26 


0 70 


1 07 


S72 


M 


0.36 


9 11 


O Q4 

V.7*t 


372 


N 


0.42 


2.85 


0 99 


372 


P 


-0.25 


0 56 


0 63 


572 




0.62 


0.66 


0 98 


$72 




0.86 


0.74 


0.87 


S72 


s 


1.00 


1.00 


1.00 


S72 


T 


l t 10 


0.97 


0.88 


S72 


V 


1.08 


0.83 


0.90 


S72 


w 


0.98 


0.34 


0.92 


S72 


Y 


1.07 


0.07 


1.03 


Y7? 


A 


-0.10 


1.40 


0.82 


Y73 


C 


-0.10 


1.20 


1.18 


Y73 


D 


0.13 


0.80 


1.09 


Y73 


G 


0.71 


0.51 


0.95 


Y73 


H 


0.67 


0 T ?2 


0.96 


Y73 


I 


0.82 


0.64 


0.97 


Y73 


K 


1.07 


0.94 


0.95 


Y73 


L 


0.98 


0.50 


1.03 


Y73 


M 


-0.10 


1.13 


1.05 
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Tafrle 1( 


M2. Performance Ind 


lices 


Wild-Type 
Res./ 
Pos, 


Mut. 


PI 


PAD 
PI 


Prot. 
PI 


Y73 


N 


0.56 


0.76 


1.25 


Y73 


P 


0.64 


-0.54 


0.42 


Y73 


o 


1.23 


0.87 


1.20 


Y73 


R 


1.26 


0.26 


Q,96 


Y73 


s 


1.17 


0.68 


0,77 


Y73 


V 


0.88 


0.74 


1.08 


Y73 


Y 


-0.10 


-0.10 


-0.02 


L74 


A 


0,07 


2.90 


1.01 


L74 


D 


-0.18 


-0.18 


-0.03 


L74 


F 


0.99 


1J3 


0.58 


L74 


G 


1.95 


0.57 


o t i? 


1,74 


H 


-0.18 


-0.18 


-Q,03 


L74 


I 


0.86 


0.64 


1,45 


L74 


L 


1.00 


1.00 


i,QQ 


m 


M 


0.15 


1.21 


0.79 


L74 


P 


-0.18 


-0.18 


-0.03 


L74 


o 


-0.18 


-0.18 


-0.03 


L74 


R 


-0.18 


-0.18 


-0.03 


L74 


s 


2.72 


-1.52 


0.25 


174 


T ; 


-0.18 


-0.18 


-0.03 


L74 


V 


0.90 


0.61 


1.18 


L74 


w 


1.38 


0.67 


0,50 


L74 


Y 


0.90 


0.86 


1.19 


P75 


C 


0.54 


1.42 


1.06 


P75 


D 


0.67 


2.09 


0.86 


P75 


E 


0.83 


1.1? 


1.00 


P75 


G 


1.16 


0.93 


0.8| 


P75 


H 


1.05 


0.86 


0.89 


P75 


r 


0.69 


0.74 


0.78 


P75 


K 


0.60 


0.88 


0.91 


P75 


L 


0.44 


1.19 


1.02 


P75 


M 


0.36 


0.30 


1.22 


P75 




1.00 


1.00 


1.00 


P75 


o 


1.21 


0.61 


1.04 


P75 


R 


1.60 


0.46 


0.89 


P75 


s 


1.39 


0.63 


1.18 



Table 10-12. Performs 


nee Ind 


lices 


Wild-Type 

Boo / 

Pos. 


Mut. 


PAl? 
PI 


PAD 
PI 


Prot 
PI 


P75 


T 


1.28 


0.69 


M0 


P75 


Y 


0.93 


1.39 


Q-90 


P75 


w 


1.04 


UH 


0,84 


P75 


Y 


0.69 


1,32 


1.08 


S76 


A 


0 38 


Ul 


0,60 


S76 


C 


0 39 


1.06 


0.67 


S76 




041 


1.94 


0.49 


S76 


E 


0 47 


2,09 


0.58 


S76 


p 


0.44 


0,46 


0.68 


S76 


G 


0.64 


2,15 


069 


S76 


H 


0.85 


l,U 


0,79 


S76 


ic 


0.59 


*,53 


P.32 


S76 


L 


0 74 


4,70 


0-27 


S76 


M 


0 49 


1,61 


0.45 


S76 


p 


1 23 


U0 


067 


S76 


o 


0.84 


0.90 


0.88 


S76 


s 


L00 


1.00 


1,00 


S76 


T 


0.75 


1,11 


0,80 


S76 


V 


0.67 


1,35 


0,78 


S76 


W 


0 57 


-0.25 


1,06 


S76 


y i 


0.31 


0,1? 


075 


C77 


A 


0.83 


0,91 


1.20 


C77 


C 


1.00 


1.00 


IfiQ 


C77 


D 1 


0.92 


1,05 


0-45 


C77 


F 


0.25 


-0.61 


0.75 


C77 


G 


1.01 


0.18 


0.53 


C77 


L 


0.98 


. 0.73 


1.44 


C77 


N 


-0.13 


-0.06 


-0.04 


C77 


P 


-0.13 


-0.06 


-0.04 


C77 


R 


0.70 


-1.02 


0.34 


C77 


S 


0.95 


0.76 


1.19 


C77 


T 


1.12 


1.03 


1.18 


C77 


V 


1.05 


0.80 


1.33 


C77 


w 


0.39 


-0.24 


0.73 


C77 


Y 


0.95 


-0.01 


0.66 


L78 


A 


-0.11 


-0.14 


-0.01 
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Table 1( 


w, p« 


irforma 


ncelnd 




WUd-Type 
Res7 
Po$, 




PAF 
PI 


PAD 
PI 


Prot 
PI 


L78 


c 


0.92 


0.78 


0.91 


L78 




3.01 


-1.14 


0.16 


L78 


Q 


4.98 


1.38 


042 


L78 


u 


4.82 


1-57 


025 


L78 


i 


1,43 


, Ml 


1.06 


L78 


i< 


1,00 


1,00 


1.00 


L78 


M 


0 t 52 


0.48 


0.75 


L78 




2,68 


-0,41 


0.22 


L78 


P 


-0.11 


-0.14 


-0.01 


L78 


0 


1-73 


i 0.52 


0,46 


L78 


R 


-0,H 


-0,H 


-0.01 


L78 


5 


-0,U 


-044 


-0,01 


L78 


T 


1.87 


MO 


0.47 


m 


V 


J,53 


0,83 


1.04 


L78 


Y 


1.39 


0.81 


0,46 


A79 


A 


-045 


-043 


-0,02 


A79 


Q 


0.97 


0,03 


1.16 


A79 


E 


1.12 


0.27 


1.12 


A79 


F 


-045 


' -2.02 


0-17 


A79 


Q 


0.92 


0.92 


0.99 


A79 


H 


1.93 


-0.09 


0.85 


A79 


I 


1.59 


0.67 


0.87 


A7? 


L 


h*o 


0.96 


0.88 


A79 


M 


1.50 


0.28 


1.04 


A79 


isr 


1.48 


0.28 


0.97 


A79 


p. 


0.70 


0.94 


0.81 


A79 


0 


1.47 


0.27 


1.05 


A79 


R 


1.47 


0.32 


1.02 


A79 


s 


0.82 


0.78 


1.09 


A79 


T 


1.17 


0.60 


0.90 


A79 


V 


-0.15 


-0.13 


-0.02 


A79 


W 


1.27 


0.53 


0.46 


T80 


A 


1.00 


1.11 


0.90 


T80 


c 


1.31 


1.15 


0.91 


T80 


E 


0.07 


-0.16 


1.02 


T80 


G 


1.16 


1.50 


0.81 



Table 11 


►-12. P< 


irforma 


nee Indices 


WUd-Type 
ResJ 

PWr 




PAF 
PI 


pin 

PI 


Jrrot, 
PI 


T80 




0.21 


0 05 


0 66 


T?0 


I 


050 


0 IS 


O 78 


T80 




0,15 


-0 32 


0 74 


T80 




015 


-Oil 


O 68 


T80 


N 


0-53 


0 53 


O 97 


T80 


p 


-0.11 


-0 05 


0 5S 


T80 


0 


0.?l 


1 07 


1 02 


T80 


R. . 


0.08 




O 78 

\j. to 


T80 


s 


0.96 


1 40 


i i*> 


T80 


X 


1.00 


i no 


1 00 


TO 


V 


1,2? 


1 01 


O 03 


T» 


w 


0,23 


_n ha 




r?0, 


Y 


0.15 


'Oil 


O 60 


H81 


A 


U5 


1 A*i 


O Oft 


mi 


c 


M3 


i no 


O 09 




F 


1,10 


0 90 


O 87 


H81 


G 


1,17 


0 80 


O 04. 


H81 




100 


1 00 


1 OO 


H81 


K 


1,52 


0 56 


0.31 


H8J 


L 


1.23 


1 03 


0 93 


H81 


M 


0.94 


1 54 


0 82 


H81 


N 


1,17 


1.00 


0.82 


H81 


P 


-0.10 


0 72 


0 42 


«8? 


0 


0.85 


0.75 


1.00 


H81 


R 


0.34 


-0.2? 


0.85 


H81 


S 


1.04 


0.69 


0.94 


H81 


V 


1.10 


0.71 


0.89 


H81 


w 


1.13 


1.09 


0.90 


H81 


Y 


0.77 


0.14 


0.76 


L82 


A 


0.62 


0.98 


1.00 


L82 


G 


1.38 


0.31 


1.24 


L82 


H 


1.33 


0.47 


0.95 


L82 


I 


1.17 


0.51 


0.58 


L82 


K 


119 


0.51 


1.03 


L82 


L 


1.00 


1.00 


LOO 


L82 


M 


0.65 


1.06 


1.07 
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Table 10 


-12. Performance Ind 


ice? 


Wild-Type 
Res./ 
Pos t 




PAF 
PI 


PAD 
P* 


Prot 

VI . 


L82 


P 


1.46 


0,5? 


, IM 


L82 


R 


1.34 


-0.18 


1.15 




s 


1,15 


0.0Q 


1,13 


L82 


T 


1.18 


0.3? 


0.97 


L82 


V 


1.02 


0.19 


1.14 


L82 


W 


0.27 


-0.46 


Q.?3 


P83 ! 


A 


0.36 


2.36 


0.66 


P83' 


C 


0.53 


1.01 


0.81 


P83 


D 


0.75 


0.83 


Q,?2 


P83 


E 


Q.84 


1.26 


0.92 


P83 


F 


0.76 


0.99 


0.69 


P83 


Q 


Ul 


0.68 


1.01 


P83 


n 




0.61 


0.93 


P83 


K 


1.37 


1.16 


0.88 


P83 


L 


0.04 


0.21 


0.19 


P83 


M 


0,58 


1.88 


0.71 


P83 


N 


0.70 


1.10 


Or?0 


P83 


P 


1.00 


1.00 


1.00 


P83 


o 


0.73 


0.82 




P83 


R 


1.19 


1-Q9 


Q78 


P?3 


S 


1.17 


0.79 


0.89 


P?3 


T 


0.?6 


-0.02 


0.62 


P83 


V 


0J8 


049 


0.72 


P83 


W 


0.?8 


0.62 


0.69 


L84 


A 


0.45 


0 t 45 


0.76 


L84 


D 


0.19 


0.85 




L84 


F 


0.72 


1.01 


0.74 


L84 


G 


0.77 


1.01 


0.53 


L84 


H 


1.01 


0.99 


0.66 


L84 


I 


0.90 


0.87 


0.99 


L84 


K 


1.10 


0.79 


0.59 


L84 


L 


1.00 


1.0C 


1.00 


L84 


N 


0.54 


! 0.67 


0.86 


L84 


P 


-0.12 


0.43 


0.58 


L84 


0 


0.41 


0.52 


0.93 


L84 


R 


0.56 


0.51 


0.71 



T*ble 1Q 


-12. Performance Ind 


tew 


WUd-Type 
Res./ 
Pos. 


Mut 


PAF 
PI 


PAD 

n 


Prot 
Ft 


L$4 


S 


0,7? 


0.55 


0 T ?3 


L84 


T 


0,8<> 


0,44 


.. 0.9? 


L84 


V 


0.79 


0.42 


1.23 


L84 


W 


0.36 


-0,?? 


0.91 


D85 


A 


0,79 


h09 


0.63 


D85 


C 


0,$8 


1,5Q 


0 f ?6 


D85 


P 


1 T Q0 


hW 


1.00 


D85 


E 


\A2 


1,2? 


0.97 


D8? 


F 


1.01 


1.98 


0?? 


D85 


<?, 


1.41 




0.69 


D?5 


H 


1,?5 


1.24 


0r7$ 


D8? 


I 


0?5 


040 


0.46 


PS5 


L 


o,« 


0.24 


0.52 




N „ 


1,54 


0.78 


O?0 


D9? 


P 


0.97 


0.54 


, 0rC3 


P8? 


0 


3,0? 


0.99 


0r8? 


D?? 


R 


2.38 


lr03 


0.66 


D85 


s 


2.28 


0.68 


0.93 


D85 


T 


1.33 


0,7* 


0.77 


D85 


V 


9,« 


0.25 


0,65 


D85 


w 


0,87 


0 T 34 


0r7? 


p85 


Y 


0.98 


0.55 


0.78 


LS6 


A 


1.38 


3.3? 


0 t 40 


L86 


C 


1.16 


2.44 


n 0 c 

0 t ?5 


L86 


E 


0.06 


-0.92 


Q.46 




F 


-0.15 


-0.26 


-ft ft? 


L86 


G 


1.15 


0.70 


0.83 


L86 


H 


0.88 


-0.72 


0.57 


L86 


L 


1.00 


1.00 


1.00 


L86 


P 


-0.15 


0.99 


0.22 


L86 


O 


-0.15 


-2.60 


3.66 


L86 


R 


0,43 


-4.46 


0.26 


L86 


s 


0.78 


-0.36 


0.78 


L86 


T 


0.96 


0.28 


0.75 


L86 


V 


0.92 


0.12 


0.93 


L86 


W 


0.67 


0.0? 


0.78 
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Table 10-12. Perform* 


mice Indices 


WMe-Type 
Pos. 


Mult. 


PI 


TO A TTTN 

PI 


JrTOiu 
PI 


L86 


Y 


0.85 


0 82 


0.92 


V87 


A 


0.65 


0.17 


0.88 


V87 


c 


0.67 


2 22 


0 93 


V87 


D 


-0.09 


-2.53 


0.32 


V87 


F 


0.60 


0 10 


0 56 


V87 


G 


0 46 


-2 95 


0 54 


V87 


K 


0.04 


-8.3^ 


0 26 


V87 


L 


0 71 


4 30 


0 84 


V87 


M 


0 73 


0 75 


0 86 


V87 


p 


0.07 


1 64 


0 39 


V87 


R 


0.07 


-1 33 


0.44 


V87 


s 


0.59 


-0.09 


0.67 


V87 


r 


0 63 


0 15 


0 71 


V87 


V 


1.00 


1 00 


1 00 


V87 


Y 


0 33 


-1.24 


0 42 


[88 


G 


1.01 


-2 63 


0 27 


188 


H 


1.20 


-6 25 


0 21 


188 


[ 


LOO 


1.00 


1 00 


188 


M 


0.24 


1 09 


0.86 


[88 


N 


^0.14 


-0 55 


0 29 


188 


P 


-0.14 


3.51 


0 18 


188 


o 


0.01 


-1 10 


0.36 


[88 


R 


-0.14 


-0 32 


-0.02 


[88 


T 


1.03 


-0.16 


0.52 


188 


Y 


-0.14 


-0.32 


-0.02 


[89 


A 


0.55 


1.83 


0.63 


[89 


D 


-0.10 


-0.14 


-0.02 


[89 


E 1 


-0.10 


-2.05 


0.24 


[89 


F 


0.68 


0J5 


0.90 


[89 


G 


0.64 


-3.84 


0.29 


[89 


H 


1.00 


-1.01 


0.33 


[89 


[ 


1.00 


1.00 


1.00 


[89 


L 


0.87 


l t 22 


1.07 


[89 


P 


0.38 


1.91 


0.30 


[89 


0 


0.25 


-0.30 


0.32 


[89 




-0.10 


-0.14 


-0.02 



TfiMe 1MWfl2_ TP 


eirffomtiu 


nee Indices 


WMdl-Type 
Pos. 


TWnnfr 


PAF 


PA© 

1PTT 

_JuL. 


Prott. 

WIT 


189 


c 


0 r 71 


...-1,66 


A AQ 


[89 


T 


0.94 


0,90 


A aa 


189 


V 


QrPl 


0.82 


1 AO 

LP? 


[89 


w 


_, 0,5? 


-2.63 


A TT 

_ V.Z7 


M90 


A 


0.78 


1.41 


A £.1 


M90 


r» 


0,7? 


. . 1,09 


A Ql 

U.o: 


MOO 


n 

u 


-0,24 


.... 2 T 88 


A If 


EVTQO 


c 
11 


-0-24 


1,15 


a on 

u.zy 


MQO 


CI 


0,57 


-1,22 


A 11 

0*22 


MOO 


r 


, U3 


, 0,66 


A *9A 


WW 


T 

u 


..,1,0? 


. . 0,9? 


t\ o >a 




M 


1.00 


1.00 


J.QQ 


JVJOO 


It 


-0.241 -0.36 


A 1© 

— SL2S 


MOO 




0.68 


,_.0,77 


A *T1 




& 


-0.24 




A 11 


MOO 


c 

0 


1.06 


-0 r l7 


A Ci£ 


M90 


T 


1,27 


0,15 


A CO 

0,5? 


MOO 


v 

y. 


1.08 


0.08 


a m 
0.62 


MQO 


w 


0.79 


-4.04 


A Ol 


L91 


A 


.. . 0,57 


l r 45 


A Q1 


T 01 


r» 

*- 


0,67 


127 


O.S7 


L91 


D 


-0.12 


1,47 


A lO 


L91 




.-0,12 


-0,51 


JixJi* 


L91 


G 


1.21 


-0,58 


0.17 


L91 


H 


-0.12 


-0.13 


--0.01 


L91 


I 


0.98 


1.05 


0.89 


L91 


k; 


-0.12 


-0.13 


-0.01 


L91 


l 


1.00 


1.00 


1.00 


L91 


M 


0.28 


0.88 


0.80 


L91 


P 


-0.12 


-0.13 


-ooi 


L91 


0 


0.05 


-0.14 


0.18 


L91 


R 


-0.12 


-0.13 


-0.01 


L91 


s 


0.92 


0.43 


0.24 


L9* 


T 


1.06 


-0.11 


0.36 


L91 


V \ 


0.94 


0.79 


0.72 


L91 


w 


-0.12 


-0.13 


-0.01 
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Table 11 


9-12. P 


erfornnif 


ncelmc 


ices 


Wild-Type 
Res./ 




FAF 
H 


PAID) 

n 


Brot 
W 




Y 


-0.12 


-0 t 13 


-9,01 


G92 




-0.10 


-0.18 


-0.02 


092 


c 


-0.10 


2.05 


0.18 


G92 


D 


-0.10 


-0.18 


-0.02 


on 




-0.10 


-2.3* 


0 t 21 


092 


F 


-040 


-3.24 


0.17 


Q92 


0 


1.00 


1.00 


1.00 


G92 


L 


-0.10 


-0.18 


-0.02 


G92 




-o.iQ 


-0.1% 


-0.02 


G92 


P 


-040 


-0.18 


-0.02 


G92 


Ri 


-040 


-0.18 


-0,02 


09% 


5 


1.26 


-2,96 


0.211 




T , 


-040 


-048 


-0,02, 


092 


V 




-3 f Q3 


o,?0 


G92 


W 


-040 


.,-049 


-0.02 


G92 


Y 


-0.10 


-0.18 


-0.02 


m 




U? 


1,0? 


0.50 


T93 


c 


1.08 


0.95 


0.64 




D 


-0 T 18 


0.23 


. 0 T 22 


m 


F 


3.52 


0,54 


0 t $3 


T93 


P 


-0.18 


-0.19 


-0.02 


T93 


Q 


-0.18 


-6.75 


2.03 


T93 




-0.18 


-0.19 


-0.02 


T93 




0*9 


0.49 


0.89 


T93 


T 


1.00 


1.00 


1.00 


T93 


V 


-0.18 


-0.19 


-0.02 


T93 


w 


-0.18 


-0.19 


-0.02 


T93 


Y 


5.26 


0.03 


0.77 


N94 


Al 


-0.45 


0.74 


0.96 


N94 


C 


0.01 


0.07 


0.94 


N94 


G 


0.15 


0.53 


0.76 


N94 


H 


0.11 


-0.94 


0.77 


N94 


L 


0.61 


-0.18 


0.49 


N?4 


IVI 


-0.45 


0.03 


0.94 


N94 


NT 


1.00 


1.00 


1.00 


N94 


P 


-0.45 


0.79 


0.40 



Table H 


1-12. Fi 


erfonnniamce Em<r 


ices 


WiM-Type 
Res/ 
Pos. 


Must. 


FAF 

TPTT 

o_ 


PAID) 

lfl>TT 


Prot. 

n 


N94 


R 


A 10 


R on 
— Ifix/.V 


0.19 


N94 


S 


fi Ifi 


A 66 


0,84 


N94 


T 


fi o« 




Q,6<5 


N94 


V 


A K 


A IO 


0.65 


N94 


W 


fi Ifi 

u. Ill 


1 OA 


. P.69 


N94 


Y 


fi Aft 


A 1 O 


0.76 


D95 


A 


A 1A 


A 1 A 

-U.14 


-001 


D95 


C 


f\ 1 A 

-U.14 


-0.14 


-0.01 


D95 


D 


1 AA 
l.UU 


1 AA 
l.OC 


J.QO 


D95 


8 


O t\A 


A 0< 


966 


D95 


Q , 


A tA 


A 1 >4 

-0.14 


-0,01 


D95 


H 


A 1>4 


A 1 A 

-U.14 


-0,01 


D95 




_A 1 A 

-v4fl 


_A 1 A 

_..-fl44 


-0,0* 


D95 


h 


A 1A 


_A VA 


-0.01 


D95 


N 


A \A 
-U.14 


A 1 A 

-P44 


-0.01 


P95 


0 




A 1 A 


■om 


D9? 


R 


A tA 


-U. 14 


-0.01 


D95 


s 


A 1/1 
-U.14 


^A 1>l 
-U.14 


-0.01 


D95 


T 


A Ivl 


A 1 A 


-0.01 


D95 


V 


-fi \A 

-U>J4 


A 1A 

a!44 


-0.01 


D95 


w 


fi 14 


_A 1/1 
-U. 14 


-0,Q1 


D95 


Y 


-U-1.S 


-U.14 


-0.01 


T96 


A 


fi 


A OA 


1,?2 


T96 


C 


0.44 


3 76 


0,79 


T96 


7 


0.53 


lr?4 


0.69 


T96 


G 


0.78 


1.28 


1.03 


T96 




0.95 


-0.22 


0.88 


T96 




0.92 


1.93 


0.93 


T96 


M 


0.39 


2.53 


0.80 


T96 


> 


-0.11 


0.89 


0.35 


T96 


R 


0.17 


0.14 


0.50 


T96 


S 


1.04 


0.79 


1.05 


T96 


T 


1.00 


1.00 


1.00 


T96 


V 


0.81 


0.59 


1.12 


T96 


w 


0.38 


-4.29 


0.51 


T96 


y 


0.38 


-3.73 


0.59 
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Table 16 


-12. Performance Ind 


lices 


Wild-Type 
Res./ 
Pos. 


Mnt. 


PAF 
PI 


PAD 
PI 


Prot. 
PI 


K97 


A 


0.01 


0.23 


1.11 


K97 


D 


-0.23 


-0.17 


-0.01 


K97 


G 


0.84 


-0.64 


0.39 


K97 


l_ 


0.74 


-0.55 


0,47 


K?7 


K 


1.00 


1.00 


1.00 


K97 


L 


0.38 


-0.28 


0.3Q 


K97 , 


M 


0.02 


0.22 


0.?5 


K97 


P 


0.16 


0.27 


0.36 


K97 


o 


1.14 


0.00 


0.73 


K97 


R 


2.80 


0.59 


1.02 


KP7 


s 


0.28 


-0.46 




KP7 


r 


0.22 


-0.42 




K97 


V 


0.31 


-0.45 


0.51 


K97 


w 


0.42 


-2.32 


043 


K97 


Y 


0.29 


-0.65 


0.38 


A98 


A 


1.00 


1.00 


1.00 


A?? 


c 


1.30 


1.42 


1.00 


A98 


D 


1.11 


2.19 


0.81 


A98 


G 


1.57 


0.56 


0.97 


A98 


H 


2.09 


6.92 


Q,8? 


A98 


I 


2.05 


0.65 


0.7? 


A?8 


L 


2.22 


1.47 


9,71 


A98 


N 


1.24 


1.40 


1.01 


A98 


P 


1.10 


1.26 


0.90 


A98 


s 


1.73 


0.65 


147 


A98 


T 


1-72 


0.27 


1.03 


A98 


Y 


2.02 


1.15 


0.87 


Y9? 


A 


0.66 


0.82 


1.29 


Y9? 


G 


0.83 


0.70 


1.23 


Y99 


H 


0.77 


0.59 


1.30 


Y99 


I 


0.81 


0.61 


1.11 


Y?9 


L 


0.66 


0.86 


L?9 


Y99 


P 


0.89 


0.81 


1.00 


Y99 


R 


0.61 


0.29 


0.97 


Y99 


s 


0.72 


0.37 


1.45 


Y99 


V 


1 0.61 


031 


1.28 



Table 10 


-12. Performance Ind 


Ices 


Wild-Type 
ResJ 
Pos. 


Mut 


PAF 
PI 


PAD 
PI 


Prot 
PI 


Y99 


W ! 


0.68 


0.57 


1.20 


Y99 


Y 


1.00 


1.00 


1.00 


F100 


A 


0.78 


2.02 


093 


F100 


C 


0.73 


1.28 


0J8 


F1Q0 


D 


0.38 


-0.03 


9,33 


F100 


E 


1.01 


0.15 


0.83 


F100 


F 


1.00 


1.00 


1.00 


FW 


K 


0.65 


-0.60 


0.53 


F100 


M 


0.79 


2.19 


i.?o 


F1Q0 


N 


0.91 


1.45 


1.12 


F190 


S 


0.87 


0.85 


1,92 


F100 


T 


0.95 


1.42 


0.71 


FW 


W 


1.08 


-0.03 


1.Q6 


mi 


c 


0.71 


0.95 


QrJ* 


*m 


D 


0.85 


0.80 


1,0? 


R101 


F 


0.84 


0.97 


0.66 


R101 


I 


0.79 


0.96 


Q,$8 


R101 


K 


1.24 


0.07 


0.90 


R101 


L 


0.83 


1.12 


1.33 


moi 


N 


0.72 


0.92 


hn 


R101 


P 


0.50 


0.86 


0.75 


R1Q1 


O 


0.86 


0.11 


1.03 


R101 


R. 


1.00 


1.00 


1.00 


R101 


V 


0.74 


0.44 


0.90 


R101 


W 


0,9? 


0.00 


0.89 


R101 


Y 


0.74 


0.80 


0.67 


R102 


A 


0.19 


1.79 


0.98 


R102 


C 


0.22 


0.36 


0.78 


R102 


P 


0.01 


0.68 


0.26 


*102 




0.46 


0.23 


0.31 


R102 


G 


0.44 


0.27 


i 0.43 


R102 


L 


0.33 


1.64 


0.95 


R102 


P 


-0.07 


0.89 


0.26 


R102 


0 


! 0.67 


1.19 


1.09 


R102 


R 


1.00 


1.00 


1.00 


R102 


S 


0.46 


0.96 


0.98 



350 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 



Table 10-12. Pi 


>rforma 


nee Indices 


Wild-Tvoe 
Res7 


MP*, 


PAF 


PAD 
PI 


Prot 
PI 


R102 


V 


0.28 




0.80 


noi 


W 


Qr29 


-1.03 


0.34 


R102 


Y 


0.40 


1.29 


0.70 


T103 


A 


0 T 97 


-9.64 


0.89 


T103 


C 


0.90 


-6.91 


0.89 


T103 


F 


0.74 


-3.39 


0.85 


T103 


G 


\n 


-5.27 


1.20 


T103 


H 


0.99 


-4.15 


1.14 


T103 


I 


1.08 


-5.15 


0.89 


T103 


K 


1.09 


-4.36 


1.05 


T103 


L 


1.05 


-1.86 


0.88 


T103 


N 


0.77 


-6.03 


1.07 


T103 


P 


0.69 


-5.11 


1.01 


T103 


R 


0.87 


-6.30 


0.96 


T103 


S 


0.92 


-1.36 


1.14 


T103 


r 


1.00 


1.00 


LOO 


T103 


V 


0.95 


-1.95 


0.90 


T103 


w 


1.26 


-2.60 


0.77 


T103 


V 


1.19 


-4.68 


0.88 


P104 


A 


-0.41 


-0.19 


-0.04 


P104 


c 


1.95 


■ 1.83 


1.34 


P104 


s 


1.84 


1.97 


1.37 


P104 


F 


1.79 


0.86 


0.67 


PI 04 


G 


2.67 


0,9? 




P1Q4 


H 


2.84 


1.03 


hll 


P104 


I 


2.43 


2.05 


1.07 


P104 


L 


-0.41 


-0.19 


-0.04 


P104 


M 


1.09 


2.24 


1.01 


P104 


^ 


1.62 


1.44 


1.32 


P104 


P 


1.00 


1.00 


1.00 


P104 


0 


1.34 


0.85 


1.24 


P104 


R 


1.62 


-0.39 


0.83 


P104 


s 


2.48 


0.53 


1.44 


P104 


T 


2.70 


0.33 


1.29 


P104 


V 


2.59 


1.02 


1.40 


P104 


w 


2.05 


0.23 


0.59 





1-12. P« 


jrforma 


nee Ind 


[ices 


Wild-Type 
Res./ 

Pp?r 


Mut. 


PAF 
PI 


PAD 
PI 


Prot 
PI 


L105 


A 


-0.11 


-0.18 


-0.02 


U05 


c 


1.56 


1.92 


lr05 


L105 


E 


-o,U 


0.53 


o T ?<> 


L105 


F 


UO 


it73 


0.95 




G 


1.08 


1.40 


h07 


M05 


H 


0.85 


1.23 


1.07 


L105 


L 


1.00 


hoo 


1.00 


L105 


M . 


•All 


-0.18 


-0-02 


-M05 


P 


111 


0.90 




L105 


0 


0 r 94 


1.04 


J.03 


MO? 




Or?P 




0r?4 


LW 




0.93 




0.95 




T 


on 


0.64 


1.00 


wqj 


V 




-0,97 


0,37 


L105 


W 


, , m 


1.71 


07? 


L105 


Y 


,0.72 


0.^2 


US 


D106 


A 


0 T 72 


M3 


0,$9 


D106 


c 


1.01 


1.10 


0.80 


P10<> 


D 


1,00 


1 T 00 


i.oo 


D10<5 


E 


1.08 


1.09 


1,0? 


D106 


F 


1,0? 


IA? 


0.34 


P106 


Q 


1,18 


1.45 


0r67 


D106 


H 


1.09 


1.18 


0.66 


D106 


I 


1.04 


0.92 


0,45 


D106 


K 


1.28 


1.24 


0.68 


D106 


L 


1.20 


1.00 


0.56 


D106 


M 


0.73 


0.86 


0.77 


D106 


N 


0.92 


0.64 


0.91 


D106 


P 


-0.17 


0.63 


0.18 


D106 


0 


0.92 


0.62 


0.94 


D106 


R 


0.98 


0.56 


0.91 


D106 


S 


0.98 


1.02 


0.81 


D106 


T 


1.06 


1.38 


0.64 


D106 


V 


0.98 


1.68 


0.61 


D106 


w 


0.78 


1.07 


0.34 


1107 


A 


0.81 


0.80 


0.83 
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0-12. P 


erformj 


ince Indices 


WUd-Type 
Res./ 
Pos. 


Mat, 


PAF 

w 


PATI 

PI 


Prat 

PI 


1107 


C 


0.95 


1.41 


1.00 


U07 






-0.28 


0.21 


1107 


F 


0.99 


-0.02 


0.19 


1107 


Q 


1,76 


-10.12 


0 25 


1107 


H 


-0 T 07 


-0.20 


-0.02 


U07 


I 


LOO 


1.00 


1.00 


1107 


L 


0.96 


1.04 


0.52 


1107 


N 


htl 


0.93 


0.56 


1107 


P 




0.32 


0.40 


1107 


0 


...0 T ?3 


-0.02 


0 43 


[107 


R 


0.08 


-2.75 


0.28 


1107 


S 


2.04 


1.33 


1.05 


1107 


T 


0.64 


1.53 


0.95 


1107 


V 


ItOO 


0.97 


1 04 


1107 


W 


-0.07 


-0.20 


-0 02 


1107 


Y 


.. 0A9 


0.52 


0.23 


A108 


A 


-0.12 


-0.07 


-0.02 


A108 


D 


-0.1? 


-0.07 


-0 02 


A108 


P 


0.14 


0.61 


0 25 


A108 


F 


-0.12 


-0.07 


_-0.02 


A108 


G 


0.99 


1.13 


1.15 


A108 


H 


-0.12 


-0.07 


-0.02 


A108 




-0.12 


-0.07 


-0.02 


A108 


K. 


0.60 


2.97 


0.31 


A108 




1.41 


2.56 


0.20 


A 1 AO 

A108 




-0.12 


-0.07 


-0.02 


A108 


> 


-0.12 


-0.07 


-0.02 


A108 


0 


0.58 


0.73 


0.?8 


A108 


R 


-0.12 


-0.07 


-0.02 


A108 


s 


0.94 


1.00 


... 1-14 


A108 




1.05 


0.87 


1.08 


A108 


V 


0.76 


0.95 


0.99 


L109 


\ ! 


0.34 


0.32 


1.07 


L109 


D 


1.00 


0.11 


1.15 


L109 


5 - 


0.74 


0.19 


1.24 


L109 




0.83 


0.32 


m 



Table 1 


0-12. Perform: 


nee Ini 


lices ! 


Wild-Type 
ResJ 


lVfnt 


PAF 

PT 


PAD 
PI 


Prot 
PJ 


L109 


^* 


A QO 


0.51 


0.88 


IW 


Pf 

rx 


A fiS 


0,22 


1,06 


L109 


T 




0.14 


1,21 


L109 




i aa 


1,0Q 


1,00 


L1Q9 




ft T/f 


0,6? 


J.OO 


L10? 


M 




0.66 


1.13 


L109 


p 


A TO 

u. /y 


0,43 


0.35 


L109 




i ifi 

l.lc 


0.22 


l f 08 


L109 


p 

IV 


A AO 


0,2* 


0,95 


L109 


C 

2 


A TO 


_ ,0,38 


0.94 


L109 


T 




-.0.79 


0,87 


L109 


V 




0,54 


1.06 


L109 


yy. 


1 ^A 




0.88 


L109 


v 


1 1 A 

l.io 


... 0,83 


0.79 


G110 


A 


A Ol 


1,01 


. 0,8? 


G110 


r» 


a i<r 


M3 


0,56 


G110 


n 


A TA 


1,40 


0,87 


G110 


p 

D 




1.76 


0.46 


GllQ 




A A4 
U.U4 


2,29 


0,30 


G110 


VJ 


1 HA 

i.UL 


1,00 


1,00 


G110 




A K\ 


073 


0,46 


G110 




A A£ 


0.2? 


0,32 


G110 


T 


-A 9A 


-0.12 


-0.02 


G110 


M 


0.16 


0.82 


0.34 


G110 


N 


0.70 


0.77 


0.89 


G110 


> 


0.02 


0.22 


0.50 


G110 


0 


0.44 


0.34 


0.77 


G110 


R 


0.05 


0.48 


0.45 


G110 


S 


0.79 


0.30 


1.01 


G110 


T 


0.45 


-0.05 


0.42 


G110 


W 


-0.20 


-1.18 


0.20 


G110 


y 


0.01 


-0.88 


0.40 


Mill 


A. 


0.65 


1.02 


0.89 


Mill 


C 


0.92 


1.01 


0.95 


Mill 


D 


-0.27 


0.79 


0.37 


Mill 


E 


0.25 


0.67 


0.56 
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Ta*leJL0 


-12. Performai 


ice In d 


ice? 


Wild-Type 
ResJ 
Pos. 


Mut. 


PAF 
PI 


PAD 

"A 


Prot. 
rl 


& XI t 1 

Mill 


F 


1.47 


A HQ 

0. /o 


A 

0./5 


Mill 


Q 


0.8? 


0.3/ 


A AA 

0,44 


Mill 


H 


0.98 


0.19 


A A A 

0.40 


Mill 


I 


1.95 


1.05 


A Q1 

o.yi 


Mill 


K 


1.98 


A Ol 

0.71 


A <0 

O.Do 


M1U 


L 


1.55 


0.0/ 


A Al 

O.V3 


Mill 


M 


1.00 


1 AA 

1.01 


1 AA 

1.00 


A. XI 1 1 

Mill 


N 


0.49 


111 

1.31 


A TO 

o. /y 


& XI 1 1 


P 


-0.27 


A C7 

0.57 


A ^O 

0.3V 






0.27 


rt aa 
-0.99 


f\ 1 A 

0.34 


MIH 


S 


1.03 


A 1 A 

94^ 


A CO 

0.52 


mim. ..... 


T 


\A9 




A 1*7 
Qr77 


Mm 


V 


\A1 


993 


A QQ 

0.88 


MM 


W 


0,96 


1.2: 


A in 

..0,39 


MUL. 


V 


1.43 


1 AiC 

l r 06 


0.65 


$1*2 




0.58 


A A>i 

0.9^ 


A AO 

0.98 


jSll? 


E 


0.71 


i i a 

146 


1 AC 

1,05 


S112 


F 


0.37 


A OO 

0.88 


A £1 

O.Ol 


SI 12 




1.00 


A "50 

0.38 


A Al 
9r93 


S112 


K 


0.84 


A 

O.oo 


A AO 
Vt?2 




L 


1.03 


1 AA 

1.0( 


A OA 


$11? 


M 


\ 0.43 


A 

0.50 


A OO 


S112 


N 


0.52 


A OC 


1 AO 

1.09 


SJ12 


P 


-0.19 


A CO 

-0.82 


A 11 
O.3. 


S112 


R 


0.20 


A AA 
-0.4* 


A OO 


>AJA 


s 


1.00 


i 1.0< 


1.00 


S112 


T 


0.95 


0.72 


0.87 


S112 


V 


0.86 


0.48 


0.73 


SI 12 


W 


0.74 


0.58 


0.85 


S112 


y 


0.68 


-0.1C 


0.90 


VI 13 




0.71 


1.3 


0.70 


VI 13 


c 


0 T 87 


0.94 


1.06 


V113 


D 


0.78 


0.8*5 


0.97 


V113 


E 


0.91 


0.94 


0.99 


V113 


F 


1.05 


0.9* 


0.80 


VI 13 


G 


0.96 


0.5? 


0.89 



Table 10 


.12. Performance Indi 


taw 


WUd-Type 
HesJ 
Pos. 


Mut. 


PAF 
PI 


PAD 
PI 


Prot, 

PT 

n 


V113 


H 


1.34 


0.76 


A 9LA 


VI 13 


K 


1.19 


0.72 


u.yz 


V113 


L 


l t 50 


0.85 


U.OJ 




M 


0 T 78 


1.06 


a o'X 
Mull 


«;< ii 

VI 13 


N 


0,8? 


1.22 


i ni 


i n i o 

VI 13 


P 


0.72 


U4 




VI 13 


0 ... 


1.03 


141 


u.y4 


VJU3 


R 


1,13 


Ul 


a so 


VU3 


s 


0 T 80 


0.57 


A Ol 

o.yi 


x jri i «5 

VU3. — 


r 


0.94 


9,?<J 


A CO 


YU2 


V 


1.00 


1.00 


1 AA 
l.OO 


in it 

VI 13 


w 


0.91 


0.80 


0.70 


iri ii 

VI 13 


Y , 


Ml 


,0r9? 




T 1 1 A 

LI 14 




0.7? 


It07 


1 Al 

1.03 


T 1 1 A 

LJ14 , 


C 


0.78 


144 


1 1A 

1.11 


r i 1 a 

LI 14 


E , . 


0,32 


-0.14 


A 40 


1" 1 1 X 

LI 14 


F 


-0.11 


-0.21 


A AO 


LI 14 


Q 


0.90 


1.14 


O./l 


r 1 i A 

LI 14 




0.92 


-o T $? 


A 01 


T 1 1 jfl 

LJ14 


I 


0.97 


1.17 


A ft£ 


T 1 1 A 


K 


-0.11 


-0.21 


-A A9 


T 1 1 A 

LI 14 


L 


1.00 


1.00 


i on 


T 1 1 A 


M 


973 


l f 28 


l.UU 


r i t A 

Ll)l4 


N 


0.65 


0.77 


A OS 


T 1 1 vl 

LI 14 


P 


0.30 


0.28 


A 49 


T 1 14 


0 


0.59 


0.12 


0.68 


L114 


R 


-0.11 


-0.21 


-0.02 


LI 14 


S 


0.87 


0.55 


0.72 


LI 14 


T 


0.88 


1.05 


0.82 


LI 14 


v 


0.91 


0.60 


0.84 


LI 14 


W 


-0.11 


-0.21 


-0.02 


LI 14 


Y 


-0.11 


-0.21 


-0.02 


VI 15 


A 


0.60 


1.19 


1.11 


VI 15 


C 


0.73 


1.08 


1.14 


V115 


D 


-0.15 


2.21 


0.1? 


VI 15 


F 


0.54 


1.65 


0.32 
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Table 11 


)-12 r P, 


erformance Inc 


lie?? 


Wild-Type 
ResJ 
Pes. 




PAF 
PI 


PAD 

PI 


Prot 
PI 


V115 


G 


1.09 


1.76 


0.43 


VU5 


H 


-0.15 


-0.13 


-o T o? 


VI 15 


I 


1.05 


0.99 


1.14 


VI J5 


K 


-0.15 


-0.13 


-0.02 


VI 15 


L 


1.12 


1.30 


1 T Q2 


VI 15 


M 


0.48 


1.32 


1,95 


V115 


P 


-0.15 


2.21 


0.26 


VU5 


0 


-0.15 


1.15 


0.32 


VI 15 


R 


0.10 


1.63 


,0,21 


VI 15 


s 


0.95 


1.14 


0,72 


VI 15 


T 


1.15 


1.28 


0.7? 


VM5 


V 


1.00 


' 1.00 


im 


VH5 


W 


1.23 


2.48 


0,17 


VU5 


Y 


1.03 


2.07 




TH6 


^ 


1.01 


0.95 


1.08 


T}\6 


C 


0.89 


1.05 


130 


TU6 


E 


0.86 


0.91 


1.2? 


TU6 


G 


1.10 


0.90 


1.44 


TJ16 




1.00 


1.08 


*.48 


T116 


I 


0.80 


0.76 


0.82 


T116 


L 


0.77 


0.68 


lr03 


me 


M 


0.83 


1.39 


1.28 


T116 


N 


0.93 


1.05 


1.68 


T116 


P 


0.74 


0.84 


0.99 


T116 


0 


0.95 


0.77 


1.29 


T116 


R 


0.64 


0.62 


1.03 


T116 


s 


0.88 


0.96 


1.24 


T116 


T 


1.00 


1.00 


1.00 


TU6 


V 


0.86 


0.57 


0.85 


TH6 


w 


0.89 


0.75 


0.96 


T116 


Y 


0.90 


0.47 


1.09 


0117 


A 


2.05 


1.73 


1.03 


0117 




1.15 


1.21 


1.10 


OH7 




1.57 


1.02 


0.61 


0117 


G 


2.08 


0.79 


0.97 


OH7 


H 


2.33 


1.12 


1.12 



Table 10-12. Performance Inrf 


lices 


Wild-Type 

AC8J 

Pos. 


Mut. 


PI 


pah 
PI 


Prot 
-PI 


0117 


M 


1 54 


1 89 


0.87 


0117 


P 


-0.25 


1 13 


0,61 


0117 


o 


1 00 


1.00 


L00 


0117 


R 


1 56 


1 OS 


LOO 


0117 


s 


1 95 


0 87 


143 


OH7 


T 


2.23 


1 10 


1.06 


0117 


V 


2 15 


0 76 


Q.67 


0117 


W 


2 16 


0 71 


0,57 


0117 


Y 


0 0% 


1 1* 


0,76 


VI 18 


A 


0.84 


0 85 

U.OJ 


L2Q 


V118 


c 


0 78 


1 14 


1,23 


VI 18 


Q 


-0 14 


0 d(\ 


0,3? 


V118 


E 


-0.14 


-0 43 


.. 9,37 


V118 


F 


0 86 


1 00 


,089 


V118 


Q 


1 OK 


O 56 


0,67 


VI 18 


[ 


0 96 


0 55 


1.01 


V118 


K, 


1 13 


-2 50 


0.28 


VI 18 


L 


0 93 


1 OS 


0.93 


VI 18 


M 


0.60 


0 93 


0,!>0 


VI 18 


p 


0 12 


0 22 


0-52 


V118 


o 


0 38 


1 50 


Q,57 


VI 18 


R 


0 36 


0 07 


0.46 


VI 18 ~< 


s 


0 95 


0 82 


0.96 


VI 18 


T 


0.99 


0.92 


0.90 


VI 18 


V 


1.00 


1,00 


1.00 


VI 18 


W 


0.83 


-1.28 


0.42 


V118 


Y 


1.25 


1.34 


0.60 


LI 19 


A 


0.81 


1.02 


1.18 


LI 19 


C 


0.76 


0.24 


1.18 


LI 19 


D 


0.24 


0.28 


0.97 


LI 19 


E 


0.45 


0.32 


1.04 


LI 19 




0.56 


-0.61 


0.93 


LI 19 


G 


0.93 


-0.06 


0.97 


LI 19 


H 


0.91 


0.46 


0.89 


LI 19 


I 


0.90 


0.43 


1.06 


LI 19 


L 


1.00 


LOO 


1.00 
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TaWe V 


1-12. Perforim 


nee Inc 


ices 


Wild-Type 
Res./ 
Pos. 


Mut 


PAF 
PI 


PAD 
PI 


Prot. 


LI 19 


N 


0.58 


041 


1.14 


LI 19 


P 


-0.14 


-0.01 


0.71 


LI 19 


R 


! 0.43 


-0.66 


l t 0Q 


H19 


S 


0.83 


-047 


1.05 


LI 19 


T 


0.97 


0.10 


0.?4 


LI 19 


V 


0.89 


~ Q45 


1Q4 


LI 19 


w 


0.77 


0.20 


0.88 


LI 19 


Y 


0.77 


0.56 


0.89 


T120 


A 


0.25 


0.66 


1,0? 


T120 


C 


0.75 


0.92 


144 


T120 


E 


0.58 


i,?3 


149 


T120 


H 


0.88 


Q T 5Q 


hW 


T120 


I 


0.91 


, h$<f 


1.00 


H20 


EC 


0.87 


1,09 


J42 


T120 


L 


0.80 


. J-2<5 


1.00 


T120 


M 


0.05 


i-22 


0 r 9$ 


mo 


N 


0.37 


1,4? 


140 


mo 


P 


0.07 


-0.45 


0.82 


T120 


O 


0.26 


Q.78 


1,05 


T120 


R 


0.24 


0,6Q 


0.9? 


T12Q 


s 


1.09 


1.07 


1,35 


T120 


T 


1.00 


1,00 


1.00 


T120 


V 


0.26 


1.07 


0.93 


ri20 


Y 


0.57 


161 


1.01 


S121 


A 


1.12 


1.55 


1.10 


M21 


C 


1.18 


1.64 


1.09 


S121 


E 


0.89 


1.04 


1.01 


S121 


G 


1.20 


0.9? 


1.07 


S121 


FC 


1.24 


0.78 


1.04 


S121 




1.35 


1.49 


1.12 


S121 


N 


144 


1.06 


1.17 


S121 


P 


0.83 


0.38 


0.92 


S121 


0 


0.92 


1.09 


1.01 


S121 


R 


1.26 


0.70 


1.06 


S121 


s 


1.00 


1.00 


1.00 


S121 


r 


143 


1.26 


0.93 



Table 11 


)-12. Performs 


nee Inc 


lices 


Wad-Type 
Res./ 


Milt. 


PA17 
PI 


PAD 

PI 


Prot. 
PI 


S121 


v 


1 12 


1-59 


0.97 


S121 


W 


L33 


0,77 


. 0,91 


A122 


A 


1 00 


1.00 


LOO 


A122 


D 


0 26 


.. 0,06 


0 r 77 


A122 


E 


0 71 


0.47 


1.04 


A122 


F 


0 97 


0,15 


0,87 


A122 


G 


0 93 


-0-42 


0,85 


A122 


H 


1 14 


0.17 


1.00 


\m 


r 


1 13 


0,65 


., 1.04 


4*22 


K 


1.08 


0,45 


0,96 


A122 


L 


O 93 


1,02 


1.07 


4*2? 


M 


O 81 


0,94 


1,06 


A422 


N 


O 83 


.. 0,70 


...Ml 


4122 


p 


O 61 


0,55 


1.07 


A122 


o 


O 69 


0.74 


. UR 


4122 


R 


O 71 


0,40 


0,94 


A122 


s 


1 03 


0,4? 


1,05 


A122 


T 


1.08 


0.52 


._ 0,97 


4122 


v 


1 04 


. 0,89 


1.05 


4122 


W 


0.99 


P,86 


. 0,88 


G12? 


A 


0 89 


1,19 


0,96 


G123 


c 


0 95 


0.30 


0.92 


Q123 


D 


1.73 


0.84 


0.90 


G123 


E 


1.13 


056 


0,96 


G123 




0.84 


0.80 


0.85 


G123 


G 


1.00 


1.00 


1.00 


G123 




1.00 


0.74 


0.84 


G123 


EC 


0.97 


1.12 


0.93 


G123 


L 


0.99 


1.38 


0.79 


G123 


M 


0.84 


1.38 


0.85 


G123 




0.89 


0.71 


0.92 


G123 


> 


1.32 


0.81 


0.89 


G123 


D 


0.01 


0.31 


0.37 


G123 


R 


0.66 


0.60 


0.83 


G123 




1.06 


0.54 


0.85 


G123 


V 


1.40 


0.59 


0.89 
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Table 10-12. Performance Ind 


ice? 


Wild-Type 
Pos. 


Mut 


PAF 

PI 


PAD 
PI 


Prot 
PI 


G123 


W 


0.95 


1.39 


0.77 


G123 


Y 


0.96 


1.24 


0.87 


G124 


A 


0.84 


0.03 


1.2Q 


G124 


C 


0.72 


0.67 


1.07 


G124 


D 


0.76 


0.64 


0.99 


G124 


F 


1.32 


0.95 


0.70 


G124 


G 


1.00 


1.00 


1.0Q 


G124 


H 


1.59 


-0.10 


0.98 


G124 


I 


1.85 


-0.08 


0 t ?2 


G124 


L 


1.92 


0.54 




G124 


M 


0.97 


-0.05 


1.36 


G124 


N 


0.98 


0.60 


M? 


G124 


P 


-0.11 


-0.08 


Pr?7 


G124 


o 


1.12 


0.21 


1,9? 


G124 


R 


1.14 


0.41 


0.88 


G124 


s 


1.27 


0.56 


! 1.00 


G124 


T 


1.64 


0.32 


0.97 


G124 


V 


1.44 


0.33 


0.93 


G124 


w 


0.73 


-0.31 


0.84 


G124 


Y 


1.23 


0.56 


0.66 


V125 


A 


1.69 


0.93 


0 T ?1 


V125 


C 


0.96 


0.54 


0.67 


V125 


D 


1.24 


0.54 


0.76 


V125 


E 


0.81 


0.39 


0.73 


V12? 


\f 


0.96 


0.63 


0.77 


V125 


G 


2.95 


1.09 


0.60 


V125 


I 


1.01 


0.94 


1.05 


V125 


P 


1.50 


0.62 


0.83 


V125 


R 


1.30 


0.47 


0.82 


V125 


S 


1.94 


0.79 


0.75 


V12$ 


V 


1.00 


1.00 


1.00 


V125 


W 


0.37 


0.25 


0.48 


VJ25 


Y 


1.08 


0.81 


0.82 


G126 


A 


0.96 


0.55 


! 1.02 


G126 


C 


0.35 


0.98 


0.96 


G\26 


D 


0.33 


1.22 


0.93 



Table 10 


-12. Performs 


nee Indices 


Wild-Type 
KesJ 

Pp|5, - 


Mut 


PAF 
PI 


PAD 
PI 


Prot 
PI 


0126 


E 


0.67 


0.60 


1.02 




G i 


1.00 


1.00 


1.00 


G1?0 


I ! 


0.84 


0.01 


0.81 


G126 


L 


1.17 


0.54 


0.90 


GW 


M 


0.43 


1.17 


0.92 


Qm 


N 


0.38 


0.85 


1.04 


GW 


P 


1.17 


0.67 


0.82 


Q126 


R 


0.43 


0.76 


0.89 


G126 


S 


0.76 


0.90 


0.90 


Gm 


T 


1.58 


0.74 


0.90 


Gm 


V 


0.89 


0.18 


0.84 




Y 


0.54 


0.23 


0.82 


t\zi 


A 


0.73 


1.10 


1.10 


mi 


C 


0.76 


0.65 


1.04 


Tm 


D 


0.46 


0.62 


1.03 


Ti?7 


E 


0.40 


-0.01 


1.03 


T127 


G 


0.95 


0.71 


1.04 


T127 


H 


1.57 


0.60 


0.99 


T127 


I 


1.06 


0.20 


0.91 


Tl?7 


L 


0.90 


-0.03 


0.94 


Tl?7 


M 


0.79 


0.64 


1.02 


T127 


P 


0.14 


0.77 


0.95 


T127 


O 


0.55 


0.15 


0.86 


T127 


S 


1.05 


0.?3 


1.08 


T127 


T 


1.00 


1.00 


1.00 


TJ27 


V 


1.07 


0.68 


1.06 


T128 


A 


0.76 


1.31 


1.23 


T128 


D 


0.78 


0.66 


1.14 


T128 


F 


0.79 


1.71 


1.01 


T128 


H 


0.99 


1.08 


1.19 


T128 


K 


1.06 


1.57 


1.10 


T128 


L 


1.06 


1.72 


0.97 


T128 


M 


0.72 


1.06 


1.28 


T128 


N 


0.70 


1.36 


1.29 


T128 


P 


0.87 


1.16 


1.18 


T128 


0 


0.78 


1.34 


1.24 
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Table 10 


-12. Performance Ind 


ices 


Wild-Type 
Res./ 
Pos. 


Mut. 


PAF 

PI 


PAD 
PI 


Prot 
PI 


T128 


R 


0.87 


1.70 


1,03 


T128 


s 


0.92 


1.27 


1.Q7 


T128 


T 


1.00 


1.00 


1.Q0 


T128 


V 


0.98 


1.15 


1.05 


T128 


W 


0.92 


1.23 


0 r ?5 


T128 


Y 


0.95 


1.81 


0.96 


Y\29 


A 


0.64 


0.17 


1,39 


Y129 


c 


0.66 


0.61 


1.42 


Y129 


D 


0.35 


0.23 


1.35 


Y129 


F 


0.71 


0.71 


1.44 


Y12? 


G 


0.39 


-0.56 


1.10 


Y129 


K 


0.31 


-0.29 


1,Q0 


Y12?- 


L 


0.78 


0.27 


1.22 


VJ2? 


M 


0.68 


0.21 


1,28 


y»29 


N 


0.46 


0.53 


1,24 


Y129 


P 


0.15 


0.59 


1.11 


Y129 


R 


0.38 


0.18 


1.00 


Y129 


s 


0.67 


0.69 


1.08 


Y129 


T 


0.46 


0.14 


! 1.00 


YJ2? 


V 


0.24 


-0.29 


1,00 


Y12? 


W 


0.47 


-0.15 


1.01 


Y129 


Y 


1.00 


1.00 


1.00 


P130 


A 


0.82 


0.44 


1.03 


P130 


c 


0.95 


0.64 


0.93 


P130 


E 


1.00 


0.22 


1.08 


P130 


F 


1.08 


0.48 


0.89 


P130 


G 


1.16 


-0.19 


1.11 


P130 ' 


H 


1.17 


0.01 


1.00 


P130 


I 


1.12 


0.41 


0.94 


P130 


EC 


1.16 


0.55 


1.05 


P130 


L 


1.12 


0.09 


0.98 


P130 


M ,. 


0.60 


0.76 


1.03 


P130 


P 


1.00 


l.OO 


1.00 


P130 


R 


1.11 


0.53 


0.95 


P130 


s 


1.16 


-0.14 


0.96 


P130 


T . _ 


1.19 


-0.06 


0.96 



Table 10 


-12. Perforata 


ace Indices 


Wild-Type 
ResJ 
Pos. 


Mut 


PAF 
PI 


PAD 
PI 


Prot. 
PI 


P13P 


V 


1.15 


0.37 


0.94 


P130 


w 


1.15 


0.28 


0.80 


M31 


A 


1.00 


1.00 


1.00 


A131 


D 


1.31 


0.40 


0.80 


A131 


E 


1.36 


0.97 


0.88 


A131 


G 


1.66 


0.87 


0.83 


A131 


H 


1.72 


0.82 


0.75 


A131 


L 


1.83 


0.59 


0.73 


A13! 


P 


1.52 


0.71 


0.94 


A131 


O 


1.29 


0.74 


0.69 


A131 


R 


1.76 


1.04 


0.61 


A131 


s 


1.48 


0.68 


0.87 


A131 


V 


1.59 


0.78 


0.89 


A131 


w 


1.61 


-0.42 


0.65 


A131 


Y 


1.50 


0.48 


0.73 


P132 


A 


0.49 


6.08 


0.94 


P132 


c 


0.49 


5.68 


0.94 


Pl?2 


D 


-0.11 


-7.16 


0.62 


P13? 


E 


0.19 


3.02 


0.80 


P132 


F 


0.76 


-1.33 


0.49 


P132 


G 


0.83 


4.98 


0.79 


P132 


H 


0.50 


-1.95 


0.68 


P132 


I 


0.58 


-3.19 


0.64 


P132 


h 


0.87 


2.24 


0.67 


P132 


N 


0.30 


1.05 


0.83 


P132 


P 


0.09 


6.91 


1.03 


P132 


0 


0.41 


6.15 


0.91 


P132 


R 


0.02 


-2.19 


0.65 


P132 


S 


1.13 


5.05 


0.96 


P132 


T 


0.85 


-2.01 


0.75 


P132 


V 


0.85 


-2.29 


0.78 


P132 


w 


0.77 


-2.64 


0.37 


P132 


Y 


1.57 


4.78 


0.60 


K133 


A 


0.67 


0.10 


1.01 


K133 


C 


0.56 


-0.11 


0.72 




E 


0.63 


0.76 


1.01 
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Table 10 


-12. Performance ind 


ices 


WMdl-Type 
Res./ 
Pos. 


Mot 


PAP 
PI 


PAID 
PI 


Pratt. 

n 




P 


0.86 


0.59 


0.73 




G 


0.97 


0.31 


0.87 


Km 


H 


1.02 


0.31 


0.87 


K133 


I 


0.89 


0.45 


0.7$ 


K133 


K 


1.00 


1.00 


1.00 


Kl?3 


L 


1.05 


1.92 


0.76 


K133 


M 


0.68 


0.33 


0,98 


K133 


P 


0.39 


0.71 


0.89 


£133 


O 


0.69 


0.52 


1.13 


K133 


R 


0.78 


0.83 


hQl 


W33 


$ 


0.84 


0.58 


1.02 


K133 


r 


0.93 


0.39 


0.97 




V 


0.90 


0.23 


0.87 




w 


0.97 


0.99 


0.46 


k*33 


Y 


1.12 


1.44 


. 0,7$ 


VW 


A 


0.75 


1.64 


o.?7 


V134 


C 


0.77 


1.37 


0.91 


V134 


D 


-0.08 


-0.08 


-0.02 


V134 


G 


1.71 


1.42 


0.45 


Vl?4 


I 


1.12 


0.89 


0.99 


V134 




-0.08 


-0.08 


-o r o? 


V134 


L 


1.13 


1.45 


0.7? 


V*?4 


M 


0.82 


1.89 


0.83 


V134 


N 


1.18 


2.80 


0.25 


V134 


P 


-0.08 


1.71 


0.43 


V134 


0 


0.04 


0.79 


0.44 


V134 


R 


-0.08 


-0.08 


-0.02 


V134 


s 


1.16 


1.44 


0.62 


V134 


T 


1.25 


0.86 


0.82 


V134 


V 


1.00 


1.00 


LOO 


vm 


W 


-0.08 


-0.08 


-0.02 


VJ34 


Y 


-0.08 


-0.08 


-0.02 


L135 


D 


-0.13 


2.90 


0.27 


L135 


E 


-0.13 


0.63 


0.39 


L135 


F 


0.34 


-0.03 


0.45 


L135 


G 


0.33 


-1.71 


0.28 



Table 10 


^^Performance IM 


lees 


Wid-Type 


MmtL 


PAF 
PI 


PAP 
PI 


Prot 
PI 


Ll?5 


K 


0.66 


-1.23 


0.?8 


Ll?5 


L 


1.00 


1.00 


hOQ 


L135 


M 


0.77 


0.78 


1 T 01 


L135 


P 


-0.13 


-1.31 


032 


LI?? 


O 


0.34 


0.17 


0.66 


U35 


R 


0.06 


-1.41 


0.25 


U35 


s 


0.50 


-0.65 


0.44 


M35 


T 


0.73 


-0.42 


0.50 


U35 


V 


0.83 


0.43 


0.82 


L135 


W 


0.71 


-0.42 


0.36 


V136 


A 


0.60 


1.60 


o f $e 


v*3<> 


C 


0.57 


1.23 


0.87 


vm 


E _ 


-0.09 


0.20 


0,2£ 


VI3<? 


L 


0.98 


1.13 


1.03 


vm 


N 


-0.09 


0.40 


0 T ?G 


V136 


P 


-0.09 


-0.12 


0,5? 


V13<* 


R 


-0.09 


-0.12 


-0.02 


V136 


T 


1.13 


1.13 


0.68 


V136 


V 


1.00 


1.00 


1.00 


VIM 


w 


-0.09 


-0.12 


-0.02 


V137 


A 


1.07 


1.46 


0 T 64 


VJ37 


c 


0.98 


1.42 


0.85 


VJ37 


D 


-0.17 


-0.23 


-0.0)1 


V*37 


E 


-0.17 


-0.23 


-0.01 


V137 


F 


-047 


-0.23 


-0.01 


V137 


G 


1.02 


0.26 


0.13 


V137 


I 


0.98 


0.70 


0.83 


V137 


L 


1.09 


1.27 


0.82 


V137 


M 


1.22 


1.13 


0.89 


VJ37 


N 


0.46 


-1.29 


0.15 


V137 


P 


-0.17 


-0.23 


-0.01 


V137 


R 


-0.17 


-0.23 


-0.01 


V137 


s 


0.96 


0.29 


! 0.50 


V137 


T 


1.08 


0.93 


! 0.73 


V137 


V 


1.00 


1.00 


1.00 


V137 


w 


-0 T 17 


-0.23 


-0.01 
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Table 10 


-12. Performs 


nee In < 


ices 


Wild-Type 
ResJ 
Ppfc 


TVTiit 


PAF 
PT 


PAD 
PI 


Prot 
PI 


V137 


V' i 

X 


-0 17 


-0.23 


-0.01 


S138 


A 


0 69 


l r 28 


1,44 


S138 


p 




1.18 


1.17 


S13? 


V \ 

SZi 


-ft 11 


-0.19 


-0.02 


S138 


X* 


-ft 11 


-0.19 


-0.02 


S138 


Cw 




141 


1,09 


S138 


rl 


ft 11 


-0.19 


-0.02 


S138 


T 




0.35 


0.56 


SJ38 


r 

k 


ft 11 


-0.1? 


-0,02 


S138 




-ft 11 


-0.19 


-0.02 


S138 


NT 

U 


ft 67 




0.77 


5H?8 


P 

r 


ft ^4 


1.39 


0.45 


S138 


r\ 

V — 


-ft 11 


-049 


-0,02 


SJ38 


o 

tv 


-ft 11 


-0.19 


-0,02 


5138 


Q 


i ftft 


1.Q0 


1.0Q 


SH38 


V 


1 ftft 
1 .uu 


0.6? 


0.67 


S138 


w 


-ft 11 


-0.19 


-0.02 


S138 


v 


-ft 11 


-0.19 


-0.02 


P13? 


W 


ft ftft 


-0.12 


0.18 


P139 




-ft 11 


-1.44 


0.15 


Pi 39 




-ft 11 


-5.11 


Q49 


P13? 




-ft 11 


-443 


0.16 


P139 


VJ 


ft Sft 


-3.08 


0.23 


P139 


H 


-0.13 


-6.03 


0.19 


P139 


i 


-0.13 


-3.71 


0.21 


P139 


K 


-0.13 


-4.09 


0.12 


P139 


L 


-0.13 


-0.17 


-0.02 


P139 


N 


4). 13 


-2.11 


0.16 


P139 


P 


1.00 


1.00 


1.00 


P139 


0 


-0.13 


-0.32 


0.18 


P139 


R 


0.37 


-1.04 


0.23 


P139 


s 


0.88 


-0.52 


0.43 


P139 


T 


0.01 


-3.48 


0.15 


P139 


V 


-0.13 


-1.70 


0.17 


P139 


W 


-0.13 


-0.17 


-0.02 


P139 


Y 


-0.13 


-0.17 


-0.02 



Table 10 


-12. Performa 


nee lad 


ices 


Wild-Type 
ResJ 
JPos t 


Mut 


FA* 
PI 


PAD 
PI 


Prot 
PI 


P140 


A 


1.90 


1.83 


0 T 6J 


P140 


c 


0 19 


1.07 


0r40 


P140 


n 


-ft 4S 


-0.23 


-0.02 


P140 




-ft 4S 


2.89 


0.19 


P140 




ft Q6 


34 1 


0-20 


PHP 


IT 


ft SO 


2.25 


0,23 


P140 


r 

* 


ft 45 


-1.Q3 


0,24 


PH0 




-ft 45 


-0.23 


-0.02 


P140 


r 


-ft 45 


-0.23 


-0.02 


P140 


\jf 


-ft 45 


-0,2? 


.0.02 


P140 


D 

r 


1 ftft 


WO 


4r00 


P140 


J 


-ft 45 


-U2 


0,32 


P140 


IS 


-ft 45 


-2,74 


0.25 


P140 


Q 

P ,i 


1 11 


-1,22 


0.43 


P140 


T 


1 74 


-0.7? 


0,29 


P140 


XT 


ft 5ft 


-142 


0.34 


P140 


W 




-0.97 


0.17 


P140 


v 


ft 15 


-i T 90 


0.24 


PHJ 


A 

Gt 


1 1ft 


1.08 


1.13 


P*4* 




1 64 


-0,0? 


1.02 


P141 


IT 


7 ft7 


0,79 


0,93 


P141 


I 


2.29 


0.38 


0.90 


PHI 


L 


2.32 


0 f 6? 


0J4 


P14J 


N 


132 


0.97 


0.96 


P141 


p 


1.00 


1.00 


1.00 


P141 


o 


1.39 


0.37 


0.88 


P141 


R 


1.65 


-0.26 


0.61 


P141 


s 


1.70 


0.02 


0.90 


P141 


T 


1.84 


0.12 


0.82 


P141 


V 


1.96 


0.16 


0.72 


L142 


A 


0.80 


0.56 


0.67 


L142 


c 


0.74 


0.70 


0.78 


L142 


D 


-0.12 


-0.13 


-0.01 


L142 


F 


1.05 


0.54 


0.46 


L142 


G 


-0.12 


-0.13 


-0.01 


L142 


I 


0.64 


0.28 


1.05 
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Table If 


h%2, P< 


;rfprma 


ncejtad 


lices 


Wild-Type 
Res./ 
Pos. 


Mut 


PAF 

pi 


PAD 

n 


Prot 
PI 


L142 


K 


1.60 


0.66 


0.23 


L142 


L 


1.00 


1.00 


1.00 


L142 


H 


-0.12 


-0.13 


-0,01 


L142 


N 


-0,12 


-0.13 


-0.01 


1442 


P 


0-54 


0.44 


0.48 


U42 


0 


0.67 


0,33 


0,49 


L142 


R 


-0.12 


-0.13 


-0.01 


L142 


s 


0.84 


0.31 


0.65 


L142 


T 


-0.12 


-0.13 


-0.01 


L142 


V 


0.84 


0.33 


0.82 


LH2 


w 


, 2.4* 


-1,89 


0,16 


A143 


A 


,1-00 


1.00 


1.00 


AM? 


c , 


1.3? 


1,Q7 


0,81 


A143 


D 


1,45 


1.22 


0.71 


A143 


I? 


1,4? 


1,13 


0,71 


AH3 


F 


L56 


0.68 


099 


A143 


G 


1.48 


0.42 


117 


A143 


H 


2.90 


1.36 


0.70 


A143 


K 


3,16 


1.37 


' 0.62 


A143 


L 


2.51 


1.28 


, , 0,71 


A143 


N 


1,30 


0,82 


0.79 


A143 


p 


,.1,53 


O r 39 


0.63 


A143 


0 


1.74 


0.81 


0.72 


A143 


R 


2,15 


0.99 


0.62 


A143 


s 


1.77 


0.63 


0.98 


A143 


T 


2.18 


0.97 


0.74 


A143 


v 


2.45 


0.99 


0.81 


A143 


W 


2.27 


-0.21 


0.37 


P144 


A 


1.09 


0.79 


0.91 


P144 


D 


1.45 


1.38 


0.60 


P144 


F 


1.82 


1.08 


0.66 


P144 


G 


1.45 


0.62 


0.78 


P144 


H 


1.94 


1.60 


0.66 


P144 


K 


2.09 


1.09 


0.67 


P144 


L 


1.43 


1.15 


0.86 


P144 


M 


1.24 


1.01 


0.76 



Table If 


>-12. Performs 


nee Ind 


lices 


Wild-Type 
i ResV 

JPw. 


Mat. 


PA17 

PI 


PAD 
PI 


Prot. 

n 


P144 


N 


1.44 


1.49 


Q.74 


P144 


p 


1.00 


1.00 


1.00 


P144 


o 


1.37 




0.77 


P144 


R 


1 76 


U4 


0.68 


P144 


s 


1 69 




0,77 


P144 


T 


1 46 


<W 


0.80 


P144 


Y 


2.34 


1.65 


0.70 


M145 




0.44 


Q,79 


0,94 


M145 


c 


1.02 


0,93 


0.94 


M145 


E 


0.28 


0.48 


0.74 


M145 


F 


1 49 


0J7 


0.95 


N*145 


G 


0.48 




0,92 


MH5 


r 


0 79 


O r 53 


U$ 


M145 


L 


1 72 


•0,« 


1.07 


M145 


M 


1 00 


l-OQ 


1,00 


M145 


p 


0.64 


0.78 


0,73 


M145 


o 


0.68 


0.57 


0.86 


M145 


R 


1 15 


0.69 


0.78 


M145 


s 


0.64 


OJ? 


0,91 


M145 


T 


1.01 


0r79 


0,9> 


M145 


V 


0.72 




1.00 


M145 


W 


L15 


-0.13 


0.49 


M145 


Y 


0.94 


0.82 


0.68 


P146 


A 1 


0.20 


1.36 


0.73 


P146 


C 


0.31 


1.6? 


0.$2 


P146 


F 


0.55 


1.53 


0.51 


P146 


G 


0.24 


1.04 


0.51 


P146 


H 


0.50 


1.57 


0.56 


P146 


L 


0.56 


2.00 


0.53 


P146 


M 


0.39 


1.23 


0.79 


P146 


N 


0.37 


1.00 


0.78 


P146 


P 


1.00 


1.00 


1.00 


P146 


R 


0.36 


1.06 


0.66 


P146 


s 


0.46 


0.96 


0.82 


P146 


T 


0.38 


0.76 


0.80 


P146 


V 


0.55 


0.77 


0.89 
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Table 1( 


W2. P« 


srforma 


nee Indices 


Wild-Type 
Res7 
Pos. 




PAF 

n 


DAT) 

IT AD 

PI 


JrrOu 
PI 


P146 


W 


0.56 


0.68 


0.64 


P146 


Y 


0.35 


1.44 


0 54 


H147 


A 


1.28 


0.98 


0.96 


H147 


C 


0-94 


1.17 


1 04 


H147 


D 


0.95 


1.18 


1.00 


HH7 


E 


Ml 


1 10 


0.96 


H147 


G 


-0.12 


-0.15 


-0.02 


H147 


H 


1,00 


1 00 




H147 


I 


0.8? 


0 92 


0.89 


H147 




0.94 


1 06 


0 80 






0.6? 


1 1Q 


1 00 




M 


0r73 


1 44 


ft ftri 


H147 


N 


0.84 


1 25 


ft OR 


H147 


P 


1.12 


1 21 


ft 71 


H147 


0 


o T 7J 


1 03 


ft Rfi 


H147 


ft 


Q.8? 


0 Q4 


n ^0 


H147 


s 


1.26 


0 75 


0.92 


H147 


T 


1.20 


0.84 


0.85 


H147 


V 


0.96 


0.92 


0 00 


HH7 




0.88 


1 05 


0 70 


H147 


Y 


Qr75 


1.12 


0 94 


P148 


A 


1.64 


1.06 


0.96 


P148 


D 


1.03 


1.34 


0 74 


P14? 


E 


1.42 


1.19 


0.76 


P148 


F 


1.37 


1.50 


0.64 


P148 


G 


0.87 


1.20 


0.70 


P148 


K- 


1.79 


1.30 


0.72 


P148 


L 


1.64 


1.39 


0.74 


P148 


P 


1.00 


1.00 


1.00 


P148 


0 


1.33 


0.98 


0.81 


P148 


R 


1.51 


1.25 


0.79 


P148 


S 


1.46 


1.21 


0.74 


P148 


T 


1.50 


1.09 


0.79 


P148 


v 


2.43 


1.04 


0.76 


P148 


Y 


1.46 


1.37 


0.72 


W149 


A 


0.21 


0.31 


1.35 



Table 1« 


1-12. Pi 


srforma 


nee Tnd 


lices 


Wild-Type 
ResV 
Pos. 


Ml*. 


PAF 
PI 


PAD 
P* 


Prot 
PI 


W14? 


C 


0.18 


0.12 


0,93 


W149 


E 


0,00 


-0-04 


0.85 


W14? 


F 


0,53 


0,50 


1.27 


W149 


G 


0,26 


0,45 


139 


W14? 


H 


_. 0.60 


101 


0.81 


W14? 


I 


0,21 


0.24 


0,83 


W149 


L 


0.30 


0,64 


1,06 


W149 


M 


0.33 


0,49 


1,32 


W149 


P 


-0.32 


-0.16 


0,92 


W14? 


Q 


0.11 


0,40 


140 


W149 


R 


0.04 


-0,3? 


P,67 


W14? 


s 


046 


.0-33 


1,2$ 


WH9 


T 


026 


0-44 


,0,84 


W149 


W 


1,00 


1,00 


■ 1,00 


W149 


Y 


0.58 


075 


1,15 


F15Q 


A 


0.01 


0,54 


, 1,70 


F150 


C 


0,43 


0,78 


1,41 


F150 


E 


1.23 


0,7? 


1.32 


F150 


F 


1.00 


1,00 


1,00 


F150 


G 


O.H 


0,46 


1.13 


FJ5Q 


H 


05? 


U8 


109 


F150 


1 


0.40 


0 r 78 


MP 


F150 


K 


0.41 


0,85 


1,33 


F150 


L 


1.29 


1,30 


1,14 


F150 


M 


0.80 


0,63 


1.69 


F150 


N 


0.55 


0.36 


1.52 


F150 


P 


0.18 


0.32 


1.38 


F150 


T 


0.37 


0.58 


1.27 


F150 


V 


0.22 


0.51 


1.26 


F150 




0.19 


0.62 


1.26 


F150 


Y 


0.72 


1.07 


1.24 


0151 


A 


1.29 


2.93 


0.46 


0151 


c 


1.05 


2.55 


0.38 


0151 


D 


1.47 


2.81 


0.83 


0151 


E 


1.14 


2.07 


0.99 


0151 


F 


0.31 


-8.08 


0.21 
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Table 1C 


>-12. Performs 


race Indices 


WM-Type 


Mut 


PI 


TP A ITT) 
PI 


PI 


Q151 


H 


1.06 


2.19 


0.94 


0151 


I 


0.08 


-2.76 


0.16 


0151 


K 


1.07 


2.19 


1.04 


0151 


L 


0.40 


-1.53 


0.17 


0151 


M 


1.24 


6.36 


0.24 


0151 


P 


1.35 


1.91 


0.50 


Q151 


o 


1.00 


1.00 


1.00 


0151 


R 


L36 


2.32 


0.68 


0151 


s 


1.05 


2.25 


0.86 


0151 


T 


1.24 


2.37 


0.64 


Q151 


V 


0.36 


-1.65 


0.25 


0151 


w 


0.77 


0.32 


0.33 


Q»5l 


V 


1 01 


2 75 


0.41 


M52 


A 


0.88 


1.29 


0.85 


L152 


c 


1.00 


1.14 


0 87 


L152 


D 


1.07 


0.86 


0.81 


L152 


E 


1.08 


1.23 


0.93 


L152 


G 


1.08 


0.77 


0.85 


L152 


H 


1.09 


0.92 


0.93 


Ll?2 


I 


1.04 


0.61 


0.77 


1452 


K. 


1.21 


0.91 


0.93 


L152 


L 


1.00 


1.00 


1.00 


L152 


M 


0.99 


1.10 


0.82 


L152 


p 


0.81 


0.61 


0.54 


L152 


0 


1.07 


0.76 


0.84 


L152 




1.20 


0.91 


0.89 


L152 


s 


1.12 


0.84 


0.84 


L152 


T 


1.12 


0.69 


0.82 


L152 


v 


1.22 


0.88 


0.83 


LI 52 


w 


1.18 


1.55 


0.74 


L152 


Y 


1.09 


1.37 


0.89 


1153 


A 


1.19 


1.49 


0.76 


1153 


F 


1.23 


1.75 


0.47 


1153 


H 


1.46 


2.00 


0.56 


1153 


I 


1.00 


1.00 


1.00 


1153 


K 


1.62 


2.44 


0.43 



Table U 


>-12. P« 


srfonna 


mcelmdHces 


WMd-Type 
Res7 




PAF 
PI 


PI 




1153 


L 


1.27 


1.50 


0.82 


1153 


N 


0.72 


0.89 


1.04 


1153 


P 


Q,2S 


1.87 


0 31 


1153 


S 


0 t §7 


1 66 


0 61 




T 


1.27 


1 62 


0 64 


U53 


V 


0.96 


1.15 


0 78 


F154 


D 


-0.19 


-1.06 


-0 02 


F154 


E 


-0.19 


-1.06 




F154 


F 


1.00 


1 00 


1 00 


Fl?4 


G 


-0.1? 


-0 64 


0 17 


F154 


l* 


-Q.19 


-1 06 


-0 02 


F*54 


P 


-0.1? 


-1 06 


-0 02 


F*54 


0 


0,3? 


0.97 


0 45 


FI54 


s 


Q43 


0 29 


0 35 


F154 


T 


04? 


-1 76 


0 19 


F1J54 


V 


-0.19 


-14 19 


0 18 


F154 


Y 


1.3? 


4 96 


0 92 


E155 


A 


0.99 


2 59 


0 83 


Eltf 


P 


1.08 


1.24 


0.89 


EJS5 


I? 


1.00 


1.00 


1.00 


El?5 


F 


lr07 


0.23 


0.60 


E155 


G 


147 


1 12 


0.82 


El?? 


I 


P?5 


0.65 


0.61 


E155 


K 


1 T 23 


1.33 


0.83 


Eltf 


L 


1.31 


2.07 


0.60 


E155 


M 


0.73 


2.91 


0.74 


E155 


N 


0.79 


1.79 


0.86 


E155 


P 


0.79 


2.60 


0.65 


E155 


0 


0.90 


0.69 


0.87 


E155 


R 


1.47 


-0.07 


0.71 


E155 


S 


1.08 


1.12 


0,?2 


E155 


T 


1.49 


1.19 


0.76 


E155 


V 


0.79 


0.47 


0.63 


E155 


Y 


1.27 


2.65 


0.55 


G156 


A 


0.99 


1.21 


0.88 


Gl?6 


c 


1.07 


1.37 


0.84 
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Table 1( 


►-12. Performs 


nee Ind 


iices 


Wad-Type 
Resy 
Pps. 


Mut. 


PAF 

PI 


PAD 
PI 


Prot 
PI 


G1S6 


D 


0.96 


1.62 


0.93 


G156 


E 


0.94 


1.14 


0.91 


G156 


F 


0.90 


0.73 


0.78 


Gl$6 


G 


1.00 


ItOQ 


1.00 


Gi?6 


H 


1.04 


1.40 


0.84 


G156 


I 


0.70 


-0.08 


0 T 44 


G156 


K 


1.10 


\M 


0.88 


Q156 


L 


0.90 


0.94 


0.74 


G156 


M 


1.09 


1.62 


0.80 


G156 


N 


L07 


1.38 


0,97 


G156 


P 


1.44 


l?9 


Q59 


Gl?6 


R 


1.05 


1.21 


0.80 


G^6 


s 


1.02 


1.Q4 


0 T 8? 


G156 


T 


1.15 




0,79 


Ql?6 


V 


0.88 


0.97 


0.58 


G^6 


W 


0.89 


0.90 


0.56 


G156 


Y 


0.96 


1.40 


0.80 


G157 


A 


0.77 


0.87 


1.00 


Gl?7 


c 


0.96 


o r <5i 


0 f 92 


GJ57 


D 


0.93 


0.?4 


0 t 41 


G\$7 


E 


0.98 


0.84 


0.61 


QW 


F 


1.27 


1.42 


0.61 


G157 


G 


1.00 


1.00 


1.00 


G157 


H 


1.14 


1.57 


0.70 


G157 


I 


1.11 


1.33 


0.36 


G157 


K 


1.28 


1.47 


0.46 


G157 


M 


0.96 


0.85 


0.70 


G157 


P 


0.86 


0.01 


0.31 


G157 


R 


1.51 


-0.10 


0.42 


G157 


s 


1.30 


0.19 


0.93 


G157 


T 


174 


0.99 


0.68 


G157 


V 


1.23 


0.40 


0.59 


E158 


A 


1.45 


1.28 


0.91 


E158 


C 


1.46 


1.37 


0.67 


E158 


D 


1.35 


0.89 


0.82 


E158 


E 


1.00 


1.00 


1.00 



Table 1(1 


1-12. Performance Ind 


ices 


WOd-Type 
ResJ 
Pos. 


Mut. 


PAP 
PI 


p a n 

PI 


Prot. 


E158 


F 


2.06 


1 77 


0.46 




H 


2.40 


1.01 


Q T 59 


Em 


I 


1 38 


0.94 


0/7$ 


E158 


ST 


2.08 


1.88 


0.62 


El?8 


L 


1.59 


1.96 


0J9 


5158 


M 


1 39 


1.73 


oji 


E158 


N 


1.41 


1.58 


0.82 


P158 


P 


1.41 


1 19 


0.85 


E158 


O 


1.49 


1 24 




E158 


R 


1 99 


1 29 


o.$? 


Bl» 


s 


1 57 


1 27 




P15? 


T 


1 45 


091 


0.77 




V 


1 52 


0 89 


0.81 




W 


1 77 


1 31 


0.67 


E158 


Y 


1 77 


2 48 


0.57 


0159 


A 


1.08 


0 28 


143 


0159 


C 


1 13 


0 31 


0.79 


0159 


□ 


1.09 


0 63 


0.90 


0159 


E 


0.99 


0.97 


1.14 


0159 


G 


0 96 


0.72 


l,Q3 


0*59 


H 


0.96 


1.48 


Q,90 


015? 


L 


1.02 


0.70 


0.83 


0159 


M 


1.07 


0.84 


0.83 


0159 


P 


1.06 


0.49 


0.81 


0159 


0 


1.00 


1.00 


1.00 


0159 


R 


1.15 


0.74 


0.76 


0159 


S 


1.10 


0.73 


0.81 


K160 


A 


0.39 


1.14 


0.86 


K160 


C 


0.48 


1.29 


0.77 


K160 


D 


-0.15 


1.19 


0.40 


K160 


G 


0.91 


0.30 


0.56 


K160 


H 


0.98 


0.57 


0.65 


K160 


I 


0.97 


1.00 


0.78 


K160 


K 


1.00 


1.00 


1.00 


K160 


L 


0.97 


0.95 


i 0.77 


K160 


M 


0.31 


1.47 


0.78 
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Table It 


1-12. Pi 


:rforma 


nee Indices 


Wild-Type 
Res./ 
Po* 


M«tr. 


PAF 

IPX 


Tk A TV 

PAD 
PT 


Prot 

PI 


K16Q 


N 


0.37 


■ 1 19 






P 


-045 


1 6/i 


ah 


Km 


0 


0.45 


1 ill 

1 .*T 1 


n 7S 


Km 




0.83 


IAD 


A 7 A 


k\w 


$ 


0.85 


u. /u 


n 74 


Km 


W 


0.89 


n 14 


n 91 


T161 


Q 


0.84 




i ai 


T161 


D 


-0.14 


— -U.^l 


n A9 


mi 


E 


-0.14 




A AO 


T161 


Q 


0,92 


0 4* 


n 04 


mi 


H 


1.8? 


— Yt A 3, 


n 49 




I 


1.40 


a ofi 


n oi 


™ 


L 


1-25 


1 i* 


n si 


mi 


H 


Q,57 




n si 


T161 


H 


g.80 


-A 


— \L&£ 


T161 


P. 


-0.14 


-A 91 


A AO 


T161 


0 


1.04 


i <*a 


a on 


Tl<51 


R 


3.61 


-1.00 


n 49 


T161 


s 


0.92 




A QR 

U.70 


T161 


T 


l,QP 


i on 


1 no 


T161 


Y 


J.27 


1 94 


i on 


T161 


W 


141 




fl 59 


T161 


Y 


2.40 


9 #59 


n 9^ 


T162 


Q 


0.95 


3.57 


L17 


T162 


F 


0.99 


3.23 


1.05 


T162 


G 


1.00 


1.82 


0.88 


T162 


H 


1.02 


3.91 


1.08 


T162 


I 


0.99 


2.21 


1.16 


T162 


K 


1.22 


3.13 


0.98 


T162 


L 


1.00 


3.59 


1.05 


T162 


M 1 


0.77 


3.49 


0.89 


T162 


N 


0.83 


3.84 


0.98 


T162 


P 


0.96 


4.37 


0.81 


T162 


0 


0.93 


?.45 


0.89 


T162 




1.17 


1.23 


0.80 


T162 


S 


0.98 


2.01 


0.97 



Table It 


1-12. Performs 


nee Ind 


ices 


Wild-Type 
Res7 
PPS, 




rAb 
PT 


PAD 

PI 


Prot 


T162 


T 


i no 


1.00 


1,00 


TJ62 


w 


1 is 


2.04 


0,85 


T162 


v 


1 frt 


2.89 


1,03 


E163 


A 


111 
1.11 


1.79 


0.73 


E16? 


Sr' 


111 

I'll 


1.08 


0,67 


E163 


n 
u 


o on 


1.08 


0.82 


El 63 


c 

Hi 


i nn 


1.00 


1,00 


E163 


r 


1 A7 


0.27 


0,4? 


E163 


fl 

u 


1 95 


0.80 


0-7? 


E163 


S 


1 19 


0.?2 


0,6? 


E163 


T 

u 


i 5fi 


h94 


0,58 


E163 


KT 


n oi 


1.00 


, 0,77 


EJ63 


D 


n as 


0,77 


0,30 


E163 


D 

J£ 


1 19 

f if 4 


0,4? 


0,72 


E163 


c 


1 19 




0.81 


EJ63 


V 

V 


1 11 


0,5? 


0,6? 


E163 


w 


1 91 


0.98 


0.49 


E163 


v 


1 41 


1.99 


0.60 


L164 


A 


-0. 14 


-0,S5 


. 0.21 


L164 


P 


o no 


0,91 


0,63 


M64 


n 


A \A 
— vl. x*t 




0,12 


L164 




-o 14 


-0.48 


048 


L164 


F 


0.50 


0.86 


0.94 


L164 


G 


-0.14 


-0.14 


0,19 


L164 


H 


0.02 


0.12 


0.16 


L164 


L 


1.00 


1.00 


1.00 


L164 


M 


0.69 


1.26 


1.09 


L164 


N 


-0.14 


1.31 


0.26 


L164 


P 


-0.14 


2.41 


0.17 


L164 


O 


-0.14 


1.01 


0.24 


L164 


R 


-0.14 


1.61 


0.17 


L164 


S 


0.32 


1.11 


0.25 


L164 


T 


0.82 


0.99 


0.52 


L164 


v 


0.87 


1.02 


1.08 


L164 


Y 


0.43 


-1.28 


0.20 


A165 




1.00 


1.00 


1.00 
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Table 10-12. Performance Ind 


ices 


Wild-Type 
ices./ 


Mut. 


PI 


PATt 
rAli 

PI 


Prot 
PI 


A165 


c 


0 99 


1.42 


0.97 


A165 


D 


0.89 


1.69 


0.62 


A165 


F 


1 23 


1 00 


0.74 


A165 


G 


1.05 


1.07 


1.14 


A165 


T 


1.17 


0 59 


0.64 


A1 65 




1.35 


0.82 


0.78 


A1 65 


r 

i~» 


1 OR 


1 55 


0.70 


A 165 


IVL 


0 97 


1 56 


0.77 


A1 65 


IN 


1 01 


1 90 


0.91 


A165 

/Vina. 


p 


1 14 


1 ^4 


0.91 


A16S 


U 


1 91 


1 39 


1.05 


A165 


R 


1 70 


1 29 


0.87 


A 165 


C 


i oo 


0 04 


1,Q5 


A165 


T 


1 18 


1 32 


0.83 


A 165 


V 


1 91 


1 13 

X . X J 


0.88 


A165 


v 


1 20 


0 84 


0.67 


RIM 


A 

d 


0 73 


1 51 


1.12 


RIM 
mop 


n 

u 


0 56 


1 55 


1.16 


RIM 


P 


1.00 


1 10 


Q.85 


R166 


Ct 


1 15 


0 91 


MP 


RIM 


a 


1 20 


1 56 


Q,?7 


RIM 


T 

i 


1 26 


1 39 


0.86 


RIM 


ic 


1.17 


1.20 


1.19 


R166 


L 


1.27 


1.50 


! 1.08 


R166 


M 


0.65 


1.29 


1.26 


R166 


N 


0.75 


1.21 


1.16 


R166 


P 


0.43 


1.50 


0.97 


R166 


R 


1.00 


1.00 


1.00 


R166 


s 


1.16 


0.95 


0.98 


R166 


T 


1.19 


0.74 


1.04 


R166 


v 


1.17 


0.76 


0.94 


R166 


W 


1 1.25 


1.08 


0.80 


R166 


V 


1.29 


1.22 


0.85 


V167 


A 


0.56 


4.99 


0.98 


V167 


C 


0.79 


! 5.37 


! 1.01 


V167 


D 


0.56 


! 5.54 


0.98 



Table 1€ 


-12. Performance Indices 


Wild-Type 
Res7 


Mut. 


PAV 

PI 


pah 

PI 


mtTOT* 
PI 


V167 


G 


0.99 


2 83 


1.08 


Vl$7 


H 


1 03 


2 11 


1 12 


Vl$7 


X 


1.08 


1 00 


1 04 


V167 


L 


0 84 


2 56 


1 13 


VJ67 


M 


0.53 


3 84 


1 04 


V167 


p 


0.31 


6 08 


0.85 


V167 


o 


0 55 


2 41 


0 97 


V167 


R 

IV 


0 78 

V/. / o 


9 95 


0 88 


V167 


s 


0.96 


1 86 


1 04 


VJ67 


T 

X 


1 13 


2 47 


0 96 


VJ$7 


v 


1 00 


- 1 00 
x . w 


1.00 


V1G7 


v 


1 07 


i 15 


0 94 


Y|6? 


C 




-4 73 


0 57 


xm 


n 


-Oil 


-1 98 


-0.03 


Y168 


p 


-0 11 


-1.98 


-0 03 




p 


0 68 


5.17 


1 28 


Y16? 


G 


1.89 


-40.74 


0 23 


Y168 


H 


-0 11 


-1 98 


-0 03 


YW 


T 


0.83 


-0 59 


0 90 


YK* 


ic 


-0 11 


-1 98 


-0 03 


Y16? 


T 


0.59 


5.39 


1 27 


Y168 


N 


-0 11 


-1.98 


-0.03 


Yl<>? 


p 


-0.11 


-1.98 


-0.03 


Y16? 


O 


0.28 


-8.27 


. 0.25 


Y168 


R 


-0.J 1 


-1.98 


-0.03 


Y168 


S 


-0.11 


-1.98 


-0.03 


Y168 


T 


1.51 


-22.96 


0.39 


Y168 


V 


1.19 


-12.96 


0.57 


Y168 


w 


-0.11 


-1.98 


-0.03 


Y168 


Y 


1.00 


1.00 


1.00 


S169 


A 


0.94 


1.13 


0.95 


S169 


C 


1.03 


1.38 


0.78 


S169 


1 


1.16 


1.53 


0.66 


S169 


K 


1.21 


1.27 


0.94 


S169 


L 


1.08 


1.47 


1 0.82 


S169 


M 


0.86 


1.40 


0.86 
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Table 1< 


M2. P« 


irforma 


ncelnc 


ices 


Wild-Type 
ResV 
Pos, 


Mut, 


PAF 
PI 


PAD 
PI 


Prot. 
PI 


S169 


P 


0.87 


0.89 


0.69 


S16? 


O 


1.02 


1,37 


0.88 


S169 


R 


1.24 


1.19 


0J7 


m? 


$ 


1 1.00 


1.00 


1.00 


S169 


T 


1.15 


0.97 


0.82 


$169 


y 


1.26 


1.10 


0,77 


A170 


A 


1.00 


1.00 


1.00 


A170 


p 


1.15 


1.06 


1.02 


A170 


D 


1.27 


1.32 


0.88 


A170 


E 


1.28 


1.17 


0.99 


A170 


F 


, 1,44 


117 


0.83 


M70 


G 


1.59 


0,62 


0,96 


A170 


I 


1,59 


0.44 


0.95 


A170 


K 


1,71 


0-83 


0,96 


A170 


h 


1.05 


0,85 


0,87 


A170 


M 


1.03 


1.28 


0.93 


A170 


N 


1.21 


• 1.17 


0.96 


A170 


P 


0,75 


1.33 


0.80 


A170 


0 


1.15 


0.89 


0.98 


A17P 


s 


1,47 


0.47 


0.99 


A170 


T 


1,40 


0.72 


0.86 


A170 


V 


1.20 


0.74 


0.83 


A17P 




1.04 


0.83 


0.82 


A170 


V 


0.80 


0.89 


0.89 


L171 


A 


0.35 


1.66 


0.79 


L171 


C i 


0.56 


1.73 


0.97 


L171 


D 


-0.06 


-0.13 


-0.01 


L171 


F 


1.30 


1.97 


0.87 


L171 


G 


1.26 


1.33 


0.50 


L171 


H 


1.67 


1.07 


0.61 


L171 


I 


1.53 


1.42 


1.16 


L171 


K 


2.05 


1.53 


0.31 


L171 


L 


1.00 


1.00 


1.00 


L171 


M 


0.53 


2.22 


0.90 


L171 


N 


0.96 


2.79 


0.40 


L171 


0 


0.97 


1.93 


.0.67 



Table 1( 


»-12. P« 


jrforma 


nee Indices 


Wild-Type 
Res7 
P<>s t 




PAF 

pi 


trAMJ 
PT 


Prot. 

P¥ 

— O 


L171 


R 


0.71 


-0.20 


ft OA 


L171 


s 


1.43 


1 76 


ft 77 


L171 


T 


1,54 


1 36 


ft Rft 


L171 


V 


1.02 


• 1 30 


ft 09 


L171 




1.20 


1 K 


ft RR 


A172 


A 


1.00 


1 nn 


1 ftft 


A172 


c 


1.20 




1 ftQ 


A172 


D 


-0.15 


1 AO 


ft \(\ 
U.IO 


A172 


E 


-0.15 




ft 10 


A172 


G 


1.41 




1 ft7 


A172 


I 


1.70 


ft SR 


ft 1ft 


A172 




, 0,95 


a A1 


ft 17 

— ILLL 


A172 


L 


1,20 


1 99 


ft 7ft 

u. /u 


A172 


K 


0.84 


1 ft* 


ft HA 


A172 


N 


0,37 


ft 76 
— Mils. 


ft 1ft 


AJ72 


P 


-0.15 


ft SR 


ft 16 


A172 


0 


0.27 


ft 1R 


ft 3d 


A172 


R 


0.44 


-ft 18 


ft 9ft 


A172 


s 


1.59 


ft R^ 


ft Q£ 

V.tZ.9 


A17? 


T 


1.25 


ft 71 


ft RS 


A172 


V 


1.40 


0 39 


0 53 


A172 


w 


1.43 


ft 4S 


0 19 


A172 


y 


0.87 


1 76 


0 13 


S173 


A 


0.81 


2.72 


0.95 


S173 


c 


0.82 


3.07 


0.59 


S173 


te 


0.78 


2.65 


0.90 


S173 


F 


0.96 


2.30 


0.71 


S173 


H 


1.07 


1.49 


0.95 


S173 


I 


0.99 


2.22 


0.78 


S173 


K 


1.17 


3.01 


0.91 


S173 


L 


1.15 


3.86 


0.77 


S173 




0.80 


3.01 


0.84 


S173 


p 


0.19 


2.66 


0.35 


S173 


R 


1.09 


2.47 


0.82 


S173 


s 


1.00 


1.00 


1.00 


S173 


T 


1.06 


1.29 


0.89 
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Table 1( 


1-12. Performa 


nee Indices 


WUd-Type 
ResJ 
PpS, 


Mut. 


PA17 
PI 


pATk 

rAU 
PI 


"Own* 
PI 


S173 


v 


0.95 


2 54 


0.75 


S17? 


W 


1 16 


3.67 


0 67 


$173 


Y 


1 19 


3 54 


0.81 


F174 




0 59 


2 09 


0 61 


F174 


c 


1 32 


0 48 


0 65 


F174 


p 


1 00 


1 00 


1 00 


F174 


rj 


1 60 


O 01 


0 85 


F174 


IT 


0 03 


1 OS 


0 86 


FJ74 




0 86 

u.ou 


1 17 


0 76 


FJ74 


r 


1 OS 


1 83 

JL .0^7 


0 89 


F174 




O Ol 


9 90 


O SS 


F*74 


p 


1 54 


1 46 


0 13 


F174 




• 1 42 


O 46 


O 89 


H74 


p 


0 70 


O 59 


' 0 QS 


F174 


c 


1 16 


O fi1 


0 75 


F174 


T 


0.80 


0.64 


0 69 


F174 


v 


0.60 


0.67 


0 89 


F174 


W 
w 


0 Q£ 


-O 07 


0 85 

u.OJ 


F174 


v 


0 84 


1 66 


0 77 


M175 


A 


0 70 


0 66 


0 95 


W75 


p 


0 OS 


1 43 


0 80 


M175 


G 


2 04 


0.75 


0 67 


M175 


L I 


1 61 


0.86 


1 19 


M175 


i/L 


1.00 


1.00 


1.00 


M175 


N 


1.39 


1.02 


1.11 


mis 


P 


-0.20 


0.08 


0.16 


M175 


0 


1.56 


0.83 


0.98 


M175 


R 


1.55 


0.86 


1.02 


M175 


T 


2.21 


0.90 


0.98 


M175 


V 


1.93 


0.81 


1.00 


M175 


w 


1.25 


0.76 


1.14 


M175 


Y 


0.77 


0.72 


1.35 


K176 


A 


0.42 


1.19 


0.84 


K176 


C 


0.58 


1.01 


0.87 


K176 


D 


0.62 


1.18 


0.74 


K176 


E 


0.67 


1.08 


, 0.88 



Table 10-12. P< 


irforma 


aice Indices 


WUd-Type 
Kes«/ 

SjS&x 


IVf ut 


PAF 
PI 


PAD 

PT 

KK 


Prot. 

PT 


K176 


r 


0.36 


1 98 


0 11 


FT 176 


n 


1.Q1 


O 73 


0 80 


K176 


K 


1,00 


1 00 


1 OO 


K176 


r 


1.00 


O Q9 


O 58 


K176 




0.56 


1 11 


O 74 


K176 




0,60 


O 04 


O 85 




p 


Q.01 


O 78 


ft 97 


Kt 7#» 


V. 


0,5? 


O 07 


1 ft9 


K*17A 


& 


0,71 


1 m 


1 flA 
L&2S 




c 


0.76 


O 79 


ft 01 


\C 17£ 


T 
1 


lr04 


ft 07 


ft 7ft 




Y 


1,04 


1 11 

it?? 


ft 71 


IT 17/! 


w 


.1,19 


1 1A 


ft 41 


K"17** 


V 


1,04 


n 01 


ft #%ft 


P178 


A 


0,31 


4 10 


ft OA 


PI 78 


n 


0,18 


f. AA 

— !Lft2 


ft 01 


PI 78 

r j, f 0 


P 


0.40 


4 15 


1 ftS 


PI 78 

ri f 0 


C\ 

V_T 


1.09 


9 05 


ft A7 


PI 78 




1.34 


1 70 


ft 71 


P178 


r 


1.82 


7 15 


O 53 


PI 78 


M 


Q.5? 


3 87 


O 78 


PI 78 


p 


0.O6 


5 09 


0 01 


P178 


O 


0.15 


3 64 


0 03 


P178 


s 


0.62 


3.06 


0.95 


P178 


T 


0.70 


2,28 


0.81 


P178 


V 


0.67 


2.70 


0.78 


P178 


W 


1.14 


0.02 


0.64 


P178 


Y 


1.38 


6.91 


0.74 


F17? 


A 


-0.18 


■ -0.22 


-0.02 


F179 


E 


0.02 


1.80 


0.20 


F179 


F 


1.00 


1.00 


1.00 


F179 


G 


0.03 


1.16 


0.36 


F179 


H 


.. 0.79 


0.93 


0.91 


F179 


L 


1.15 


1.89 


0.43 


F179 


N 


0,77 


0.95 


0.46 


F179 


P 


-0.18 


-0.22 


-0.02 
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Table 11 


1-12. P< 


srfoiroiDa 


usee Iku 


fic<cs 


Wild-Type 
ResJ 
JPW, 




PAF 

n 


FA® 
PI 


Pro*. 
PI 


F179 


0 


0.40 


-0.87 


0,4$ 


F179 


R 


-0.18 


-0.22 


-0 f 02 


F179 


$ 


Qt78 


0.34 


042 


F17? 


V 


0.70 


1.17 


0 f 69 


F179 


w 


0.89 


0.86 


0.62 


F179 


Y 


1,05 


1.47 


0.65 


F180 


A 


0.03 


2.70 


0.27 


F180 


C 


0.65 


1.94 


0.66 


F180 


E 


-0.14 


-0 T 55 


-0.02 


F180 


F 


1.00 


1.00 


1.00 


F180 




0 t ?7 


-5 t ?<5 


0 T 2Q 


F180 


I 


1.20 


241 


0.79 


F18Q 


K- 


1.08 


-6.?? 


Qr?4 


FI80 


I 


Jtr30 


2.13 


0.86 


F18P 


H 


0J1 


4-36 


O T 90 


F18Q 


N 


-044 


3-0? 


Q.29 


F180 


0 


0.2* 




0.30 


F180 


R 


0.64 


-3.57 


0.26 


F180 


5 


0.56 


-2.05 




F180 


T 


1.01 


-0.68 


0.33 


F180 


V 


1.14 


3.24 


0.76 


F180 


W 


1.11 


1.81 


0.90 


F180 


Y 


1.12 


2,99 


0.84 


D181 


A 


1.35 


1 T 23 


0.65 


D181 


C . 


1.09 


0.85 


0.56 


D181 


D 


1.00 


1.00 


1.00 


D181 


E 


1.10 


0.72 


0.78 


D181 


F 


-0.15 


-0.17 


-0.01 


D181 


G 


1.09 


0.52 


0.37 


D181 


H 


-0.15 


-0.17 


-0.01 


D181 


I 


-0.15 


-0.17 


-0.01 


D181 


K 


1.33 


0.47 


0.41 


D181 


L 


1.25 


-0.16 


0.16 


D181 


M 


-0.15 


-0.17 


-0.01 


D181 


N 


-0.15 


-0.17 


-0.01 


D181 


P 


1.03 


0.66 


0.60 



TflibBe 10-12. P« 


jrffoiriiroa 




ICGS 


EfiSa 




PAF 
PI 


PA© 

m 


Pant. 

, M 


Dial 




1.14 


o.$o 


0.54 


Phi Q I 




1.23 


0.22 


0,45 


ni 01 
D181 


c 
a 


1.21 


0.55 


0,56 




TP 

T 


I.Q2 


-03? 


0,24 


Dlol 


V 


Q t ?8 


-O.34 


0.21 




is/ 
W 


1.26 


-0.52 


. ,0,28 


D181 


v 
Y 


h29 


-0 T 2? 


0.25 


A 1 CO 
Al$? 


A 

A, 


1.00 


1.00 


1.00 


A 1 CO 

Al£2 




0.97 


o t 99 


1,03 


A 1 OO 


/-^ 

V 


0.92 


0.94 


0.90 


A 1 Q1 

A182 




-044 


-0r^8 


-0,02 


A 1 QO 

^+8? 


1 


o T ?9 


-2,4? 


, 0,20 


A 1 OO 

^182 


K 


-044 


-049 


-0,02 







-044 


-04? 


-0,02 


A 1 ©O 




-044 


-04$ 


-002 


A 1 ©*> 

A182 


IVT 

N 


-0.14 


0.53 


0,H 


A 1 

A182 


D 

K 


-044 


-143 


042 


A 1 OO 

Aloz 


(J 


0.03 


-0.84 


0.14 


A 1 

A18? 


n 
*\ 


0.?? 


-?<?9 


0.12 


A 1 QO 


s. 


0.87 


Or?? 


0,90 


A 1 QO 


1 


1.14 


0.11 


0.48 


A 1 SO 


W 

w 


-Q.14 


-0.18 


-0,02 


A 1 


V 
Y 


-0.14 


-0.18 


-0.02 


G183 


Q 


0.56 


1.99 


0,92 


G183 


D 


0.30 


0.99 


0.62 


G183 


F 


0.68 


0.19 


0.75 


G183 


G 


1.00 


1.00 


1.00 


G183 


H 


0.98 


0.95 


0.87 


G183 


L 


0.82 


1.50 


0.47 


G183 


P 


-0.18 


1.02 


0.33 


G183 


0 


0.66 


-0.20 


0.97 


G183 


R 


0.92 


1.09 


0.90 


G183 


s 


0.94 


-0.08 


1.08 


G183 


V 


0.56 


-2.47 


0.57 


G183 


Y 


0.97 


1.45 


0.79 


S184 


A 


0.60 


1.69 


1.31 
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Table 10 


-12. Performance Ind 


ices 


Wild-Type 
KesJ 


Mut. 


PI 


rAD 
PI 


Prot 

n 


S184 


c 


0.81 


2.39 


1.14 


S184 




0.84 


2.24 


1.15 


S184 


E 


0.94 


1.86 


1.39 


S184 


F 


1.05 


1.27 


0.89 


Sl?4 


G 


0.99 


0.82 


1.15 


S184 


H 


1 02 


0 74 


1.07 


S184 


I 


0.92 


1.21 


0.96 


5l?4 




0 97 


1 61 


1.02 


S184 


T 


0 80 


2.00 


0.98 


S184 


KM 


0 51 


1 77 


1.25 


$M 




0 64 


1.93 


1.03 




p 


-0 15 


0.85 


0.40 


$W 


n 


0 80 


1 16 


1.09 


$m 


c 


1 00 


1 00 


hW 


S184 


T 


1 04 


0 60 


0.94 


$1?4 


V 
Y 


0 80 


1 25 


1.03 


$184 


V 


106 


1.09 


0.84 


V185 


c 


0 65 


0.83 


0.96 


V18? 


n 


0 40 


-2 49 


0.21 


Vl?5 


p 

JO 


0 73 


0 88 


0.76 


V185 


F 


1 02 


1.20 


0.83 


V18? 




1.12 


-3.67 


0.47 


VW 


H 


1 30 


-0.58 


0.71 


V185 


I 


1.07 


0:63 


1.03 


VI 85 


K. 


1.37 


0.79 


0.66 


VI 85 


L 


1.23 


0.93 


0.75 


V185 


M 


0.39 


1.46 


0.77 


V185 


0 


0.77 


1.41 


0 r 73 


V185 


R 


1.15 


0.79 


0.57 


V185 


S 


1.09 


0.53 


0.75 


V18? 


T 


1.11 


0.91 


0.79 


V185 


V 


1.00 


1.00 


1.00 


V185 


W 


1.36 


-0.44 


0.53 


VI 85 


Y 


1.37 


0.58 


0.65 


1186 


A 


1.46 


1.7S 


0.90 


1186 


D 


-0.13 


4.2S 


> 0.1? 



Table 10 


-12. Perforata 


nee Ind 


im .. 


Wild-Type 
KesJ 
Pos. 


Mut. 


PAF 
PI 


PAD 
PI 


Prot 
PI 


Il?6 


F 


1.01 


0.76 


0.77 


im 


G 


1.86 


-5.42 


o t ?5 


1180 


r 


1.00 


l r 00 


1.00 


1186 


KL 


-0.13 


-0.36 


-0.01 


im 


L 


1.17 


U4 


0.84 


me 


M 


0.86 


13? 


Ul 


1186 


p 


-0.13 


-2.9? 


0.25 


1186 


R 


0.62 


-6.69 


0.25 


1186 


s 


1.39 


-0.21 


O T 05 


1180 


T 


1.51 


0.23 


0.79 


H80 


V 


1.28 


0.48 


0?3 


im 


w 


-0.13 


-0.36 


-<M>1 


im 


Y 


-0 13 






mi 


A 


0.51 


h7Z 


0.86 


S187 


c 


0.70 


l,G7 


o T 7? 


S187 


D 


0.59 


1,40 


Q T ?2 


si?7 


F 


1.02 


0.65 


0.73 


S187 


G 


1,03 


1.46 


0.88 


$187 


H 


1.29 


1.51 


0.68 


S\S7 


I 


1.38 


1.58 


0.78 


Sl?7 


K 


1.45 


U$ 


0.76 


$187 


L 


1.37 


1,4$ 


0.75 


SW 


M 


0.49 


1.87 


0.85 


$*87 


N 


0.59 


1,59 


0.90 


S187 


P 


0.44 


-0.31 


0.78 


S187 


0 


0.63 


0.35 


0.94 


S187 


R 


1.04 


0.55 


0.82 


S187 


S 


1.00 


1.00 


1.00 


S187 


T 


1.12 


0.23 


0.74 


S187 


V 


1.23 


0.58 


0.89 


S187 


W 


1.30 


0.52 


0.73 


S187 


Y 


1.43 


0.8C 


0.76 


T188 


A 


0.97 


0.95 


1 1.40 


T188 


c 


0.6C 


0.81 


' 2.04 


T188 


D 


-0.05 


-o.n 


I -0.02 


T188 


E 


0.24 


I 1.9' 


J 0.44 
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Table U 


Hi. P 


erformance Inc 


ices 


Wild-Type 
Res 7 


Mut, 


PAP" 
xAff 

PI 


P ATI 
PI 


Prot 
PI 


T188 


F 


0.96 


-0.20 


Q,63 


T188 


G 


0.93 


0.79 


1.32 


T188 


H 


1.11 


-0 79 


0.74 


T188 


I 


1.13 


0.10 


1.85 


T18? 


K 


-0 05 


-0 14 


-0.02 


TJ88 


L 


0.76 


0.42 


1.76 


T188 


M 


0 49 


0 75 


1.60 


T188 


N 






1.24 


T188 


P 


-0.05 


-0.14 


.0.02 


T7?8 


0 


-0.05 


-0 14 


-0.02 


T188 


R 


1.01 


-0.47 


1.41 


T18? 


5 


1 16 


0 91 




n?s 


T 


1 00 


1.00 


1.00 


T188 


V 


1 22 


0 IS 




T188 


W 


-0.05 


-0 14 


-0.02 


T188 


Y 


1.48 


0.09 


0.47 


D|89 


A 


0.05 


1 18 


0.53 


D189 


c 


0 19 


0 94 


0.56 


D18? 


D 


0.03 


0.89 


o.?o 


P189 


E 


0 35 


0 77 


0.85 


D189 


F 


0 83 


0 37 


0.63 


D189 


G 


0.80 


0.80 


0.8? 


D189 


H 


1.25 


0.95 


0.78 


D189 


^ 


0.73 


1.27 


0.69 


D189 




1.30 


1.30 


0.61 


D189 


M 


0.06 


0.88 


0.48 


D189 


N 


0.22 


0.57 


0.80 


D189 


P 


-0.12 


0.97 


0.67 


D189 


R 


0.86 


0.39 


0.65 


D189 


S 


0.88 


0.81 


0.85 


D189 


r 


1.00 


t21 


0.73 


D189 


V 


0.73 


0.71 


0.72 


D189 


w 


1.09 


0.76 


0.60 


1194 


A. 


0.29 


0.00 


1.15 


1194 


C 


0.27 


-0.02 


1.17 


1194 




0.07 


-0.03 


0.95 



Table 1( 


-12. Performance In^ 


lices 


Wild-Type 
Res./ 
P*P, 


IVfiit 


PAF 

PT 

— O 


PAD 

PT 

— O 


Prot. 
PI 


1194 


G 


n in 


n od 


-.0,34 


1194 


I 


i nn 


i aa 


.. hW 


1194 


r 

hi 


n sa 




.. 1,32 


1194 


p 


A 1 5 


1 AO 


... 0.10 


1194 


p 

tv 


A AO 


A Af\ 


.. 0J7 


1194 


c 


a in 


Y\ 1C 


.. 0,48 


1194 


v 


— UsAl 


A Oft 


,1,03 


1194 


w 


n f\A 


A AO 


1.12 


1194 


V 




a A1 


1,01 


F196 


A 


a ii 




-0,02 


F196 


p 
v> 


1 




P.70 


F196 


p 


i aa 


1 AA 


J,W 


?19$ 


vjr 




_A 1ft 


0,69 


Fl°$ 


H 


1 77 


-0 24 


9,23 


F196 


r 




. i.i? 


0,81 


F19$ 


K 


-043 


-0.13 


-0,02 


F196 


L 


1.77 


, 1,17 


1,09 


F196 


M ! 


1.65 


0.71 


0.93 


F196 


N 


-0J3 


-0,13 


-0.02 


F196 


P 


0,0? 


0.39 


0.42 


F196 


0 


IM 


-025 


0.40 


F196 


R 


-0.13 


-0,13 


-0.02 


F196 


$ 


... 1.58 


-1.57 


029 


F196 


V 


1.40 


0,68 


o.?i 


F196 


w 


1.01 


0.38 


0.88 


F196 


V 


1.41 


0.97 


0.73 
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EXAMPLE 11 

Cloning and Expression of a Sinorhizobium meliloti RSM02162 
M. smegmatis Perhydrolase Homologue 

5 

In this Example, cloning and expression of a S. meliloti perhydrolase homologue 
are described. The sequences used in cloning and expression are provided below. The 
gene RSM02162 (SEQ ID NO:625) was synthesized by DNA2.0. The gene was given 
the designation "000355" and was provided cloned into the commercially available 

10 vector, pDRIVE (InvivoGen). The gene was amplified by PCR from this clone using the 
primer set G00355rbsF/ G00355R, Taq DNA polymerase (Roche) as per the 
manufacturer's directions, with G00355 as the template (10 ng/50 pi reaction) and 10 
picomoles (per 50 |xl reaction) of each primer. The amplification was carried out in an 
MJ Research PCR machine using 30 cycles of (1 minute at 95°C; 1 minute at 55°C; and 1 

15 minute at 72°C). The amplification of the correct size fragment was confirmed by 
agarose gel electrophoresis. The fragment was cloned directly into pCR2.1TOPO 
(Invitrogen) and transformed into E. coli ToplO cells (Invitrogen). Transformants were 
selected on L agar containing carbenicillin (100 jxg/ml) at 37°C. The correct construct 
was confirmed by sequence analysis and designated € *pMC355rbs." Figure 20 provides a 

20 map of this plasmid. 

Primer sequences: 
G00355rbsF 

5*-ggccctaacaggaggaattaaccatggtggaaaaacgttccgttctgtgc-3' (SEQ ID NO:626) 

25 

G00355R 

5'-Gcgcgcttagaacagagccgctactttgtcagc-3* (SEQ ID NO:627) 

30 Gene sequence (including stop codon) of RSM02162: 
5'- 
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atggtggaaaaacgttccgttctgtgctttggtgattctctgacttggggctggattccggtgaaagagagctTC 
acccatacgaacagcgttggaccggtgctatggctgcacgto 

actactagcctggacgacccaaacgacgctcgtctgaacggctctacctacctgccgatggctctg^ 
tctggtaatcattatgctgggtaccaacgacaccaaaagctactttcatcgtaccccatacgagattgccaacgg 
5 ggtaggtcaggtcctgacctgtgcaggtggtgttgg^cgccttatccagcaccgaaagtcct 

caccaatgccagatccgtggttcgaaggtatgttcggcggtggttacgagaaatctaaggaactgtcc^ 
gctgatttcatgaaagtggagttcttcgcagcgggtgattgtatct<xaccgacggtatcgacggta 
aacatccgcctgggtcatgctattgctgacaaagtagcggctctgttctaa-3 , (SEQ ID NO:625) 

10 

G00355 Protein sequence: 

MVEKRSVLCFGDSLTW^ 
15 LSARTTSLDDPNDARLNGSTYLP 

NGMGKLVGQVLTCAGGVGTPYPAPKVLWAPPPIJVJPMPDPWFEG 

KELSGLYKALADFMKVEFFAAGDCISTDGIDGIHLSAETN^ 

(SEQIDNO:628) 

20 

Complete sequence of pDRIVEG00355: 

gcgcxxaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagc 
25 gggcagtgagcgc^cgcaattaatgtgagttogctcactcatt^ 

tgtggaattgtgagcggataacaatttcacac^ggaaacagctatgaccatgattacgccaagctctaatacgactcactatag^ 
aaagctcggtaccacgcatgctgcagacgcgttacgtatcggate^ 

agaactccactttcatgaaatcagccagtgctttgtacagaccg^^^ 
30 gaaccacggatctggcattggtgccagtggtggagg^ 

tgcacaggtcaggacctgacctaccagtttacccatgccgttggcaatctcgtatggggtacgatgaaagt^ 

gtacccagcataatgattaccagatccagtggcaggtgagaagccagagccatcggcaggtaggtagagccgttcagacgagc 

gtcgtttgggtcgtccaggctagtagtacgagc^ 

caccggtccaacgctgttcgtatgggtaacgcagagttggggagctctctttcaccggaatccagccccaagtcagagaatcac 
35 aaagcacagaacggaacgtttttcraccataatctgaattc^ 
ggggcccgagctcgcggccgctgtattctatagtgtcaro^ 

gggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgccagctggcgtaatagcgaagaggcccgcac 
cgatcgcccttcccaacagttgcgcagcctgaat^^ 
taaatcagctcattttttaaccaataggccgaaatcgg^ 
40 ttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggccc 
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actacgtgaaccatcaccctaatcaagtttmggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagcc^ 
ttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgct^ 
gcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtca^ 
cggggaaatgtgcgcggaacccctattgtttat^ 
5 cttcaataatattgaaaaaggaagag^tgagtattcaacatttccgtgtcgcccto 

gctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggtt 
gcggtaagatccttgagagtmcgccccgaagaacgtm^ 

cgtattgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagte 
gcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcg^ 
1 0 aacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggag 
ctgaatgaagccataccaaacgacgagcgtgacaccacga^ 
gaactacttactctagcttcccggcaacaattaatagactggat^ 
ccggctggctggmattgctgataaatctggagccg^ 

gccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagate^ 
1 5 tcactgattaagcattggtaactgtcagaccaagtta^ 

gtgaagatcctttttgataatctcatgaacaataaaactgtctgcttac 

gggaaacgtcttgctctaggccgcgattaaattccaacatggatgctgattta 

aatcaggtgcgacaatctatcgattgtatgggaagcccgatgcgccagagttgtttctg 

gatgttacagatgagatggtcagactaaactggctgacggaatttatgcctottc^ 
20 tgcatggttactcaccac^gcgatccccgggaaaacagcattccaggtattagaagaatatcctgatt^ 

gcgctggcagfrgttcctgcgccggtt 

caatcacgaatgaataacggtttggttgatgcga#^ 

atgcataaactmgccattctcaccggattcagte^ 

agg#gtattgatgttggacgagtcggaatcgcagaccga 
25 tcattacagaaacggcttmcaaaaatatggtattga 

gaattaattcatgaccaaaatcccttaacgtgagttttcgtte 

gatcclllUUctgcgcgtaatctgctgcttgcaaacaaaaaaac 

caactcttmccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctegtgtagccgte 

caagaactctgtagcaccgcctacatacc^cgctctgctaatcctgttaccagtgg 
30 ggg^ggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtg 

gcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaaggg 

aggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtat^ 

tgtcgggtttcgccacctctgacttgagcgte^ 

cggcctttttacggttcctggcct^^ 
35 ccmgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcgg 

(SEQIDNO:629) 



40 Complete sequence pMC3 55rbs: 
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agcgcccaatacgcaaaccgcctctccc^ 

cgggcagtgagcgcaacgcaattaatgtgagttagcte^ 

gtgtggaattgtgagcggataacaatttcacaca^ 

ctagtaacggccgccagtgtgrtggaattcgcccttggccctaacaggaggaattaac^ 



gctatggctgcacgtctgggtgatggttacra^ 

cgctcgtctgaacggctctacx^ctgccgatggcrtctggcttctcacctgcc^ 

gacaccaaaagctactttcatcgtacccc^^ 



ggtatgttcggcggtggttacgagaaatctaaggaactgtccggtctgtacaaagcactggctgaW 
gcagcgggtgattgtatctccaccgacgg^ 



agagggcccaattcgccctatagtgagtcgtattacaattcactggccgtcgtttta 

acccaacttaatcgccttgcagcacatccccctttcgccagctg^^ 

agttgcgcagcctgaatggcgaatgga^ 

ccgrtacacttgccagcgccctagcg^ 

(^aaatcgggggctccctttagggttccgatttagtgctttacggcacctcg 

gtgggccatcgccctgatagacggtttttcgccctttgacgttggagtccacgttct^^ 

acactcaaccctatctcggtctattcttttgatttataagggatmgccgam 

atttaacgcgaattttaacaaaattcagggcgcaagggrt^ 

gtgctgaceccggatgaatgtcagctactggg^ 

gtgggcttacatggcgatagrtagactgggcggttttatggacagcaagcgaaccgg^ 
aggttgggaagccctgcaaagtaaactggat^ 

gacaggatgaggatcg^cgcatgattgaacaagatggattgcacgcaggttctccggccgcttgg^ 



accgacctgtccggtgccctgaatgaactgca^ 
agctgtgctcgacgttgtcartgaagcgggaag^ 

ccttgctcctgccgagaaagtatccatcatggctgatgcaatgcggcggctgcatacgctt^ 
accaagcgaaacatcgcatcgagcgagcacgtacte^ 

aggggctcgcgccagccgaactgttcgccaggctcaaggcgcgcatgcccgacggcgaggatct 

tgcctgcttgccgaatatcatggtggaaaatggccgctmctggattcatcgactgtggcc^ 

ggacatagcgttggctacccgtgatattgctgaagagcttggcggcgaatgggctgaccgctt^ 

ctcccgattcgcagcgcatcgccttctetcgccttcttgacgagttcttctgaattga^ 

gtgtcgcccttattcccttt^ 

agttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagtttt 
tgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgccgg^ 



ccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagcte^ 
atgggggatcatgtaactcgccttgatcgt^ 
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cctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaatt^ 

gaggcggataaagttgcaggaccacttctgcgctc 

tgggtctcgcggtatcattgcagcactggggccagatgg^ 

actatggatgaacgaaatagacagatcgctgagataggtg^^ 
5 tacmagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcct^ 

agttttcgttccactgagcgtcagaccccg^ 

aaacaaaaaaaccacxgctaccagcggtggtttgmg 

gagcgcagataccaaatactgttcttctogt^ 

ctctgctaatcctgttaccagtggctgctgccagtggcgataa^ 
1 0 aggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgaccte^ 

acagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggc^ 

aggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcggg^ 

cgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcct^ 

ccttttgctcacatgttctttcctgcg^tcccctgattctgtggataaccgtato 
15 gccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaag (SEQ ID NO:630) 



Expression of the Homologue from pMC355rbs 

20 To express the S. meliloH RSM02162 protein from the plasmid pMC355rbs (See, 

Figure 20, for a map of this plasmid), a single colony was inoculated into a 5 mis of L 
broth containing 100 jigfrnl carbenicillin and grown overnight at 37°C with shaking at 
200 rpm. Lysates were prepared by pelleting the cells from 1 ml of the overnight culture 
by centrifiigation and lysed with BugBuster (Novagen). The supernatants were assayed 

25 using the pNA activity assay, perhydrolysis assay, and a pNC6 assay (to test its ability to 
hydrolyze carbon chains longer than C4), as described herein. 



Assay Results 

30 The following Table (Table 1 1-1) provides a comparison of the hydrolysis activity 

of pNA by G00355 as compared to the M. smegmatis perhydrolase 



Table 11-1. pNA Hydrolysis Activity | 
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Strain 


Rate Compared to 
pNA Hydrolysis Perhydrolase 
Rate* 


E. co///pMSATNcoI 


85 


1 


E. co/i/pMC355rbs 


80 


0.94 


E. coli/pCR2A 


34.6 


0.41 



♦Rate is absorbance units/min read at 405 nm in a spectrophotometer. 

The following Table (Table 11-2) provides a comparison of the perhydrolysis of 
5 triacetin by G00355 compared to the M. smegmatis perhydrolase. 



Table 11-2. Triacetin Perhvdrolvsis Activity 


Strain 


Perhydrolysis 
Activity 


Max 


Vmax 


E. CO /x/pMSATNcoI 


1.04 


11.88 


E. co/i7t)MC355rbs 


1.17 


25.05 


E. coli/vCR2.\ 


0.1 


2-9 



10 The following Table (Table 1 1-3) provides a comparison of pNC6 hydrolysis by 

G00355 compared to the M. smegmatis perhydrolase. 



Table 11-3. pNC6 Hydrolysis Activity 


Strain 


pNC6 Hydrolysis 
Rate* 


Rate Compared to 
Ms. Perhydrolase 






E. co///pMSATNcoI 


0.58 


1 


E. co///pMC355rbs 


6.57 


11.3 


F, nnWpCR2.\ 


0.47 


0.8 



♦Rate is absorbance units/min read at 405 nm in a spectrophotometer. 
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As these results indicate, the homologue RSM02162 from SL meliloti identified by 
amino acid sequence homology to the M smegmatis perhydrolase demonstrated similar, 
albeit less perhydrolysis activity than the M. smegmatis vexhy&rolast. However, this 
enzyme exhibited different substrate specificity, as it was able to hydrolyze pNC6, while 
5 the wild-type M. smegmatis perhydrolase cannot. 

The results of the pNC6 hydrolysis assay indicated that certain 
positions/substitutions provided an improvement in the ability of the enzyme to utilize 
longer chain substrates The positions and substitutions identified in preliminary screens 
are provided in the following Table. It is not intended that the present invention be 
10 limited to these specific positions and substitutions, as it is contemplated that additional 
positions and/or substitutions will also provide improved activity on longer chain 
substrates. 



Table 11-4. Positions/Subs! 

Activity in PIN 


itutions with Improved 
fC6 Assay 


Wild-Type Residue/Ppsition 


Amino Acid Variantf s) 


L12 


G,P,Q 


S54 


L.T 


1153 


F,P 


F154 


Q, S-T.V 


1194 


G 


F196 


A,C,G,LN,P,0, S,V 



15 

EXAMPLE 12 

Amplification of Genes Encoding M. smegmatis Perhydrolase 
20 Homologues from Environmental Isolates 
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In this Example, methods used to amplify genes encoding M. smegmatis 
perhydrolase homologues from environmental isolates are described. 

Organisms from soil samples that were positive for the transesterification reaction 
were purified to single colonies. To amplify the genes by PCR, the degenerate primer 
5 sets 1 AF/5AR and leF/5iR were used in a PCR reaction containing isolated chromosomal 
DNA from 8 environmental strains exhibiting the transesterification reaction. The PCR 
reaction was carried out using Taq DNA polymerase (Roche) as per the manufacturer's 
protocol, with 1 ng of chromosomal DNA added as template and 10 picomoles of each 
primer in a 50jxl reaction. The reaction was carried out for 30 cycles of (1 minute at 95°C; 
10 1 minute at 50 # C, and 1 minute at 72°C). Since the partial coding sequence of the 

perhydrolase gene from Mycobacterium parafortuitum was already isolated, the same 
strain was used as a positive control. The strains were designated as: 2G, 2D, 9B, 14B, 
18D, 19C, 20A. As indicated below, 20 A was typed as Mycobacterium parafortuitum* 
and 9B is Mycobacterium gilvum. Based on protein homology, it was inferred that 2D is 
15 also M parafortuitum and 14B is M gilvum. 

Primer Sequences 
1AF: 

20 5 '-gccaagcgaattctgtgtttcggngaytcnyt-3 ' (SEQ ID NO:631) 
5AR: 

S'-cgattgttcgcctcgtgtgaartgnrtnccrtc-S' (SEQ ID NO:632) 
25 leF: 

5 , -acggtcctgtgctttggngaytcnyt-3 , (SEQ ID NO:633) 
5iR: 

S'-ccgctggtcctcatctggrtgntcnccrtc-S' (SEQ ID NO:634) 

30 

Amplification with the above primer sets was expected to yield bands of 
approximately 500 bp. In all cases except 2G, the 1 AF/5AR primer set produced a band 
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of the expected size. In the case of 19C, both primer sets produced bands of the expected 
size. The -500 bp bands were purified from agarose gels using a gel purification kit 
(Qiagen) and analyzed by sequencing. While the strains 2G and 19C yielded bands of the 
expected size with both primer sets they were not the fragments encoding the M 
5 smegmatis perhydrolase homologue. 

Partial Sequences of 2D Perhydrolase Homologue and Protein: 
Gene: 

10 5'- attctgtgtttcggggattccttgacgtgggga 
cgtccggtggaccggcgtgctggccga 
ccaccgccgacgacccggrcgarccc^^ 

gacctggtgatcctgatgctcggcatcaacgacaccaaggcgaatmggccgcaccccgttcgacatcgccaccggtat 
gggagtgcttgccacgcaggtgctcac^ 
1 5 cgccgccgccgctgggcgagctgccccacccctggttcgacctggtgttctccg 
gcccgcgtgtacagcgcgctggcgtcgtt 

ggacggcacccacttcacacgaggcgaaacaatcga (SEQ IDNO:635) 
Protein: 

20 ILCFGDSLTWGWIPVEEGVPTER^ 

ADDPADPRLNGSQYIJPSCLASHLPLDLVILMLGINDTKANFG 
ATQVLTSAGGVGTSYPAPQVLIVAPPPLGELPHPWFDLWSGGREKTAELARWS 
AIJVSFMKWFFDAGSVISTDGVDGTHFrRGETI (SEQ ID NO:636) 

25 

Partial Sequences of 9B Perhydrolase Homologue and Protein: 
Gene: 

30 5'-taccgtcgatgtgtgga;tcgt^ 

ctggatcccggtcgaggaaggtgtacccacccaacgttttccgaagcgggtgcgctggaccggggtgctggccgacgaac 
tgggtgctggctatgaggttgtcgaggaggggttgagcgcgcgcaccaccaccgctgacgaccctaccgatccccggctg 
aacggctcggactacctccccgcatgcctggccagccacctgccgctggacctggtgatcctgatgctcgggaccaacga 
caccaaggcgaatctgaatcgcacacccgtcgacatcgccagcggaatgggcgtcctggccacccaggtgctcaccagcg 

35 cgggcggggtcggcaccagctacccggccccgcaggtgttgatcgtggcaccgccgccgctggccgagatgccgcacccg 
tggttcgagctggtcttcgacggcggccgggagaagaccgcccaactggcccgggtgtacagcgcgctggcgtcgttcat 
gaaggtgccgttcttcgacgccggatcggtgatcagcaccgacggtgtcgacggcacccacttcacacgaggcgaaacaa 
tcgaccgg (SEQ ID NO:637) 
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Protein: 

GGRCVASCEVGAVAKRILCFGDSL^ 
5 GAGYEVVEEGDSARTTTADDPTDPRLNG 
ANLNRTPVDIASGMGVLATQVLTSAGGVG 

WDGGREKTAQIARVYSAI^SFMKWFFDAGSVISTDGVDGTHFT^ 
(SEQIDNO:638) 

10 

Partial Sequences of 14B Perhydrolase Homologue and Protein: 
Gene: 

5*- attctgtgmcggagattcgttgacgtggggctggatcccggtcgaggaaggtgtacccacccaacgttttw 
1 5 ggtgcgctggaa:ggggtgrtggccgacgaactgggtgctggctatgaggttgtcgaggaggggtt 
ccaccgctgacgaccctaccgatccccggctgaacggctcggactacctccccgcatgcctgg 



gggcgtcrtggccacccaggtgctcaccagcgcgggcggggtcggcaccagctacccggccccgcaggtgttgatcgt^ 
caccgccgccgctggccgagatgccgcacccgtggttcgagctggtcttcgacggcggccgggagaagaw^ 
20 gcccgggtgtacagcgcgctggcgtcgttcatgaaggtgccg^ 
cgacggcacccacttcacacgagg (SEQ ID NO:639) 

Protein: 

ILCFGDSLTWGWIPVEEGWTQRFPKRVR^^ 
25 TADDPTDPRLNGSDYLPACLASHLPLDLVILMLGTNDTKANLNR 

LATQVLTSAGGVGTSYPAPQVLIVAPPPLAEMPHPWFELVFDGGR^ 
YSALASFMKVPFFDAGSVISTDGVDGTHFTR (SEQ ID NO:640) 



30 Partial Sequences of 20 A Perhydrolase Homologue and Protein: 
Gene: 

5'- ttgccaagcggaattctgtgmcggggattctt^ 
gttcccgcgtgacgtccggtggaccggcgte 

35 cggcgcgcaccaccaccgccgacgacccggccgacccccggctcaacggttcgcagtatctgccgtcgtgtctggccagc 
catctgccgctggacctggtgatcctgatgctcggcatcaacgacaccaaggcgaattttggccgcaccccgttcgacat 
cgccaccggtatgggagtgcttgccacgcaggtgctcaccagcgccggtggcgtggggaccagctatcccgcgccgcagg 
tgctgatcgtggcgccgccgccgctgggcgagctgccccacccctggttcgacctggtgttctccggcggccgtgagaag 
arcgccgagttggcccgcgtgtacagcgcgctggc^ 

40 caccgacggcgtggacggcacccacttcacacgaggcgaaacaatcga-3' (SEQ ID NO:641) 
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Protein: 

LPSGILCFGDSLTWGWIPVEEGWra 
RTTTADDPADPRLNGSQYLPSCIASHLPLDLVILNILGIND 
5 GVLATQVLTSAGGVGTSYPAPQVLIVAPPPLGELPHPWFDLWSGGREKTAEI^ 
WSALASFMKVPFFDAGSVISTDGVDGTHFTRGETI (SEQ ID NO:642) 



Identification of the Natural Isolates 

10 To type the environmental isolates used in this Example, plates of the purified 

strains were sent to MIDI for 16S rRNA typing. 20A is Mycobacterium parafortuitum^ 
9B is Mycobacterium gilvum. By protein homology we infer that 2D is also M. 
parafortuitum and 14B is M. gilvum. 



15 

EXAMPLE 13 

Sequence and Taxonomic Analyses of Perhydrolase Homologues 

In this Example, sequence and taxonomic analyses of M. smegmatis perhydrolase 
homologues are provided 

20 

Taxonomic Assignment 

The basic "List of 60" protein sequences accessed from public databases and used 
for construction of primer sets for screening of metagenomic libraries (BRAIN) was 
converted into a document illustrating the microbial taxonomic origins of the proteins, as 
25 described below. This information was used to produce the following alignment. 

1 50 



30 



MSAT 


(1) 


MAKRILCFGDSLUWGWVPVEDGAPU-ERFAPDVRWUG 


14B natural isolate 


(1) 




2 OA 


(1) 


LPSGI LC FGDSLTWGWI PVEEGVPT-ERFPRDVRWTG 


2D natural isolate 


(1) 


ILCFGDSLTWGWI PVEEGVPT-ERFPRDVRWTG 


9B Natural Isolate 


(1) 


-GGRCVASCEVGAVAKR I LC FGDS LTWGW I PVEEGVPT-QRFPKRVRWTG 


M. parafortuitum COl 
Sm-RSM05666 


(1) 
(1) 


MAKRILCFGDSLTWGWI PVEEGVPT-ERFPRDVRWTG 
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At-Q8UAC0 
At-Q8UFG4 
M091_M4aEll 
M1-RMLO00301 
P.dejongeii RVM04532 
Q92XZ1 Sinorhizobium meliloti 
Q98MY5 Mesorhizobium lot! 

RSM02162_Sm 
S261_M2aAl2 
Smal993 Sinorhizobium meliloti 
Consensus 



( i ) MKTVLAFGDSLTWGADPATG L — RHPVEHRWPD 

(1) MVKSVLCFGDSLTWGSNAETGG RHSHDDLWPS 

(1) MKTILAYGDSLTYGANPIPGGP RHAYEDRWPT 

(1) MAGGTRLDECTGERMKTVLCYGDSLTWGYNAEGG RHALEDRWPS 

( 1 ) MKT ILCFGDSNTWGY DPASMTAPFPRRHGPEVRWTG 

( 1 ) MEETVARTVLCFGDSNTHGOVPGRGPLDR YRREQRWGG 

( i ) MKTVLCY GDSLTWGYNAE GG RHALEDRWPS 

(1) MVEKRSVLCFGDSLTWGWI PVKESSPT-LRYPYEQRWTG 

{ 1 ) MKNI LAFGDS LTWGFVAGQDAR HPFETRWPN 

(1) MT I NSHSWRTIJWEKRSVLCFGDSLTWGW I PVKESSPT-LRYPYEQRWTG 
(1) KTILCFGDSLTWGWIPV EG P RHP E RW G 







51 


100 


MSAT 


(37) 


VLAQQLGADFEVTE- 


-EGLSARUUNIDDPUDPRL-NGASYLPSCLAUHLP 


14B natural isolate 


(33) 


VLADELGAGYEVVE- 


-EGLSARTTTADDPTDPRL-NGS DYLPACLASHLP 


2 OA 


(37) 


VLADLLGDRYEVTE- 


-EGLSARTTT ADDPAD PRL- NGSQYL PSCLASHL P 


2D natural isolate 


(33) 


VLADLLGDRYEVIE - 


-EGLSARTTTADDPADPRL-NGSQYLPSCLASHLP 


9B Natural Isolate 


(49) 


VLADBLGAGYEWE- 


-EGLSARTTTADDPTDPRL-NGSDYLPACLASHLP 


M. parafortuitum COl 


(37) 


VLADLLGDRYEVIE- 


-EGLSARTTTAEDPAD PRL-NGSQ YLPSCLASHL P 


Sm-RSM05666 


(32) 


VLQKALGS DAHVXA- 


-EGLNGRTTAYDDHLADCDRNGARVLPTVLHTHAP 


At-Q8UAC0 


(32) 


VLEAELAGKAKVHP — EGLGGRTTCYDDHAGPAC2UJGARALEVALSCHMP 


At-Q8UFG4 


. (33) 


VLQKALGSDVHVXFTHEGLGGRTTAYDDHTGDCDRKGARLLPTLLHSHAP 


M091_M4aEll 


(33) 


ALEQGLGGKARVIA- 


-EGLGGRTTVHDDWFAKADRNGARVLPTLLESHSP 


M1-RMLOO0301 


(45) 


VLQASLGGGVQVXA- 


-DGLNGRTTAFDDHLAGADRNGARLLPTALTTHAP 


P.dejongeii RVM04532 


(37) 


VLAKALGAGFRVIE- 


-EGQNGRTTVHEDPLNICR-KGKDYLPACLESHKP 


Q92XZ1 Sinorhizobium meliloti 


(39) 


VLQGLLGPNWQVIE- 


-EGLSGRTTVHDDPIEGSLKNGRIYLRPCLQSHAP 


Q98MY5 Mesorhizobium loti 


(31) 


VLQASLGGGVQVIA- 


-DGLNGRTTAFDDHLAGADRNGARLLPTALTTHAP 


RSM02162_Sm 


(39) 


AMAARLGDGYHIIE- 


-EGLSARTTSLDDPNDARL-NGSTYLPMALASHLP 


S261_M2aA12 


(32) 


ALAAGLGGKARVIE- 


-EGQNGRTTVFDDAAT FBSRNGSVALPLLLX SHQP 


Smal993 Sinorhizobium meliloti 


(50) 


AMAARLGDGYHIIE- 


-EGLSARTTSLDDPNDARL-NGSTYLPMALASHLP 


Consensus 


(51) 


VLA LGG Y VIE 


EGLSGRTT DDP D L NGS YLPT LASHLP 



101 150 



MSAT 


(84) 


LDLVI I MLGUNDUKAY FRRUPLDIA- 


-LGMSVLVUQVLUSAGGVGUUYPA 


14B natural isolate 


(80) 


LDLVILMLGTNDTKANLNRT PVDIA- 


-SGMGVLATQVLTSAGGVGTSYPA 


20A 


(84) 


LDLVI LMLGI NDTKANFGRT PFDIA- 


-TGMGVLATQVLTSAGGVGTSYPA 


2D natural isolate 


(80) 


LDLVI LMLGINDTKANFGRT PFD IA- 


-TGMGVLATQVLTSAGGVGTS Y PA 


9B Natural Isolate 


(96) 


LDLVI LMLGTNDTKANLNRT PVDIA- 


-SGMGVLATQVLTSAGGVGTSYPA 


M. parafortuitum COl 


(84) 


LDLVI LMLGTNDTKANFGRTPFDIA- 


-TGMGVLATQVLTSAGGVGTSYPA 


Sm-RSM05666 


(80) 


LDLIVFMLGSNDMKPI IHGTAFGAV- 


-KGIERLVNLVRRHDWPTETE-EG 


At-Q8UAC0 


(80) 


LDLVI IMLGTNDIKPVHGGRAEAAV- 


- SGMRRLAQIVETFIYKPREA — V 


At-Q8UFG4 


(83) 


LDMVI IMLGTNDMKPAI HGSAIVAFTMKGVERLVKLTRNHVWQVSDW-EA 


M091_M4aEll 


(81) 


LDL1VIMLGTNDI KPH HGRTAGEAG- 


-RGMARLVQ 1 1 RGH YAGRMQD — E 


M1-RMLOO0301 


(93) 


IDLIVIMLGANDMKPWIHGNPVAAK- 


-QGIQRLIDIVRGHDY PFDWP— A 


P.dejongeii RVM04532 


(84) 


LDLVI LMLGTNDLKST FNVPPGE IA- 


-AGAGVLGRMI LAG DAG PENR — P 


Q92XZ1 Sinorhizobium meliloti 


(87) 


LDLI I IMLGTNDLKRRFNMP P SEVA- 


— MGIGCLVHDIRELSPGRTGN — D 


Q98MY5 Mesorhizobium loti 


(79) 


I DLI VIMLGANDMKPWI HGN PVAAK- 


-QGIQRLIDIVRGHDY PFDWP--A 
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RSM02162_Sra 
S261_M2aA12 
Smal993 Sinorhizobium meliloti 
Consensus 



(86) LDLVT IMLGTNDTKS Y FHRT PYE IA — NGMGKLVGQVLTCAGGVGT PY PA 

{ 80 ) LDLVI IMLGTND I KFAARCRAFDAS — MGMERL I Q I VRSAN YMKGY K — I 

( 97 ) LDLVI IMLGTNDTKSY FHRT PYE IA— NGMGKLVGQVLTCAGGVGT PYPA 

(101) LDLVI IMLGTNDMKA RTP DIA GMGRLV VLT AGGVG A 



MSAT 

14B natural isolate 
20A 

• 2D natural isolate 
9B Natural Isolate 
M. parafortuitum COl 
Sm-RSM05666 
At-Q8UAC0 
At-Q8UFG4 
M091_M4aEll 
M1-RML000301 
P.dejongeii RVM04532 
Q92X21 Sinorhizobium meliloti 
Q98MY5 Mesorhizobium loti 
RSM02162_Sm 
S261_M2aA12 
Smal993 Sinorhizobium meliloti 
Consensus 



MSAT 

148 natural isolate 
20A 

2D natural isolate 
9B Natural Isolate 
M. parafortuitum COl 
Sm-RSM05666 
At-Q8UAC0 
At-Q6UFG4 
M091_M4aEll 
M1-RML000301 
P.dejongeii RVM04532 
Q92XZ1 Sinorhizobium meliloti 
Q9BMY5 Mesorhizobium loti 
RSM02162_Sm 
S261_M2aA12 
Smal993 Sinorhizobium meliloti 
Consensus 



132) 

128) 

132) 

128) 

144) 

132) 

127) 

126) 

132 

127) 

139) 

130) 

133) 

125) 

134) 

126) 

145) 

151) 



180) 
176) 
180) 
176) 
192) 
180) 
175) 
172) 
182) 
177) 
187) 
179) 
180) 
173) 
182) 
174) 
193) 
201) 



151 200 
PKVLWSPPPLAPM-PHPWFQLI F-EGGEQKuTJELARVYSALASFMKVPF 
PQVLIVAPPPLAEM-PHPWFELVF-DGGREKTAQLARVYSAIASFMKVPF 
PQVLIVAPPPLGEL- PH PWFDLVF-SGGREKTAELARVYSALAS FMKVP F 
PQVLI VAPPPLGE L- PH PWFDLVF-SGGREKTAELARVY SALAS FMKVPF 
PC2VLIVAPPPIJVEM-PHPWFELVF-DGGREKTAQIARVYSALASFMKVPF 
PQVLIVAPPPLGEL-PHPWFDLVF-SGGREKTAELARVYSAIAS FMKVPF 
PEILIVSPPPLCET— ANSAFAAMFAGGVEQSAMLAPLYRDLADELDCGF 

PKLLIVAPPPCVAG PGGE PAG-GRDIEQSMRLAPLYRKLAAELGHHF 

PDVLI VAPPQLCETANPFMGAI FRDAI DESAMLASVFTYRDLADELDCGF 
PQIILVS PPPI ILGDWADMMDH FGPHEAIATSVDFAREYKKRADEQKVHF 
PQILIVSPPWSRT--ENADFREMFAGGDEASKQLAPQYAALADEVGCGF 
PQLLLMCPPKVRDLSAMPDLDAKI - PHGAARSAE FPRH YKAQAVALKCE Y 
PEIMIVAPPPMLED— LKEWESI F-SGAQEKSRKLALEFEIMADSLEAHF 
PQILIVSPPWSRT--ENADFREMFAGGDEASKQIAPQYAALADEVGCGF 
PKVLVVAPPPLAPM-PDPWFEGMF-GGGYEKSKELSGLYKALADFMKVEF 
PEILIISPPSLVPT — QDEWFNDLWGHAIAESKLFAKHYKRVAEELKVHF 
PKVLVVAPPPIAPM-PDPWFEGMF-GGGYEKSKELSGLYKALADFMKVEF 
PQVLIVAPPPL EM P FE VF GG EKS LARVY ALAD MKV F 



201 241 

FDAGSVISUDGVDGIHFUEANNRDLGVALAEQVRSLL (SEQ 

FDAGSVI STDGVDGTHFTR (SEQ 

FDAGSVTSTDGVDGTHFTRGETI — (SEQ 

FDAGSVISTDGVDGTHFTRGETI (SEQ 

FDAGSVTSTDGVDGTHFTRGETIDR (SEQ 

FDAGSVI STDGVDGIHFTRGEQST (SEQ 

FDGGSVARTTPI DGVHLDAENTRAVGRGLE PWRMMLGL— (SEQ 

FDAGSVASASPVDGVHLDASATAAIGRALAAFVRDI LG (SEQ 

FDAGSVARTT PVDGVHLDAENTRAI GRGLE PWRMMLGL — (SEQ 
FDAGTVATTSKADGI HLDpANTRAIGAGLVPLVKQVLGL — ( SEQ 

FDAGT VAQTT PLDGVH LDAENTRNIGKALT S WRVML (SEQ 

FNSQEIVETS PVDGIHLEASEHLKLGEALAEKVKVLLG (SEQ 

FDAGTVCQCS PADG FH I DEDAHRL LGEALAQEVLAI GW PDA ( SEQ 
FDAGTVAQTT PLDGVHLDAE NTRN I GKALTSWRVMLE L — ( SEQ 

FAAGDCISTDGIDGIHLSAETNIRLGHAIADKVAALF ( SEQ 

FDAGTVAVADKT DGGHLDAVNTKAI GVALVPWKS I LAL — (SEQ 

FAAGDCISTDGIDGIHLSAETNIRLGHAIADKVAALF ( SEQ 

FDAGSVI STD VDGIHLDA T IG AL VR LL (SEQ 



ID NO: 643) 
ID NO: 644) 
ID NO: 645} 
ID NO: 646) 
ID NO: 647) 
ID NO:648) 
ID NO: 649) 
ID NO: 650) 
ID NO: 651) 
ID NO: 652) 
ID NO: 653) 
ID NO: 654) 
ID NO: 655) 
ID NO: 656) 
ID NO:657) 
ID NO: 658) 
ID NO: 659) 
ID NO:660) 
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The alignment tree from the CLUSTALW alignment (which approximates to a 
phylogenetic tree) suggests 3 or 4 groupings. 

From this alignment, a hypothetical protein sequence was constructed from the 
consensus sequence. Where no consensus existed the site was filled with the Per amino 
acid; gaps were ignored. This provided a Per-consensus sequence: 



1 TTLCFGDSLT WGWIPVEEGA PTERHPPEVR WTGVLAQQLG GDYEVffiEGL 
51 SGRTTNIDDP TDPRLNGSSY LPTCLASHLP LDLVDMLGT NDMKAYFRRT 
101 PLDIALGMGR LVTQVLTSAG GVGTTYPAPQ VLIVAPPPIA EMPHPWFELV 
151 FEGGEEKSTE LARVYS ALAD FMKVPFFDAG S VISTDGVDG IHLDAANTRD 
201 IGVALAEQVR SIX (SEQ ID NO:661) 



This consensus sequence was used for a BLASTP search against a non-redundant 
database. This search identified 55 hits. The majority of the 'hits' were GDSL or GDSI 
type molecules covering a wide range of microbial diversity. However, only the first 14 
'hits' had e-values and bit-values in the reliable range. At first sight, this appeared to 
provide further molecules with a GDSL/N - G/ARTT motif, but this was found to be due 
to differences in coding (Swiss Prot vs GenBank) 

The screening of 3 environmental libraries (at BRAIN) resulted in 10 clones with 
a GDSL motif. A further 2 clones were derived from the BRAIN library. The following 
Table (Table 13-1) lists the clones and indicates their activity. 



Tab 


le 13-1. Clones wit 


h GDSL Motifs 


Library 


Clone 


Perhydrolase Activity 


S248Fa 


S248 M40cD4 


No 


S248Fa 


S248 M44aA5 


No 


S248Fa 


S248 M18bH12 


Not Perhvdrolase 


S248Fa 


S248 M36bC5 


Not Perhvdrolase 
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S248Fa 


S248 M50cD9 


Not Perhvdrolase 


S248Fa 


S248 M2bBll 


? Low 


S261 


S261 M2aA12 


Yes 


S279 


S279 M75bA2 


Not done 


S279 


S279 MllaC12 


Not GDSL 


S279 


S279 M70aE8 


? Low 


M091 


M091 M4aEll 


Not tested 


BRAIN 


Estll4 


No 


BRAIN 


Estl05 


Not done 



M40cD4 

Strongest hit: arylesterase of Brucella melitensis (46% identical). Motifs: GDSL 
- GAND; GQTT instead of GRTT. Sequence alignment against the core list of 
organisms places it close to Caulobacter vibrioides and Brucella melitensis in the alpha- 
Proteobacteria. 



— M.smegnrHtis ACT (0.5860) 

AgrobacteriumtunrBfaciens (0.2508) 

Brucella melitensis (0.2236) 

— Caulobacter vibrioides (0.2960) 
M40cD4 (0.2796) 



M44aA5 

Strongest hit:Acyl-CoA thioesterase of Pseudomonas aeruginosa (43% 
identical). Motifs: GDSL - GGND; no GRTT or equivalent. Sequence alignment 
against the core list of organisms places it close to Pseudomonas sp in the gamma- 
Proteobacteria. 



: M.smegmatis ACT (0.4490) 

Neisseria meningitidis (0.3799) 

M44aA5 (0.3369) 

-Pseudomonas aeruginosa thioesterase (0.1468) 
Pseudomonas syringae (0.1418) 

Vibrio cholerae (0.2079) 

Yersinia pestis (0.2124) 
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M2bBll 

Strongest hit: arylesterase of Brucella melitensis. Motifs: GDSL - GAND; no 
GRTT or equivalent. Sequence alignment against the core list of organisms shows no 
5 strong association placing it between the alpha- and gamma-Proteobacteria. 




M.smegmatis ACT (0.5146) 

Escherichia coli (0.0531) 

Salmonella enterica subsp. enterica (0.0547) 

Yersinia pestis (0.1846) 

— Vibrio cholerae (0.1522) 

Vibrio rrirricus (0.1628) 

-Pseudomonas aeruginosa thioesterase (0.1480) 
Pseudomonas syringae (0.1406) 
— Brucella melitensis (0.31 47) 
- Caufobacter vibrioides (0.3043) 
-M2bB11 (0.3201) 



M2aA12 

10 Strongest hit: arylesterase of Agrobacterium tumefaciens (42% identical) 

Motifs: GDSL - GRTT - GTND. Sequence alignment against the core list of organisms 
places it close to Agrobacterium tumefaciens in the elpha-Proteobacteria. 



M.smegmatJsACT (0.1730) 

Agrobacterium rtiizogenes CSKWABJiypprot (0.0928) 

— Sinoftiizobium TOliloWTypProt (0.0815) 

Prosthecobacter dejongeii RVM04532 (0.3004) 

— Agrobacterium rhizogenesQ9KWB1 (0.1338) 

Sinorhizjoblum rTBlitotiJHryPPROr (0.1368) 

- Agrobacter tumefaciens arylesterase (0.2428) 
r- Agrobacterium turrefaciens arytest (0.0084) 
L Agrobacterium tumefaciens Q8UFG4 (0.0103) 

Agrobacterium tumefaciens Q9ZI09 (0.0280) 

— Sinomizobium meinoti_ARYLEST (0.1363) 

Mezorhtobium loti_ARYLEST (0.1978) 

— S261_M2aA12 (0.2553) 

Ralstonia pickettil (0.2291) 

Ralstonia solanaceraium (0.2143) 
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M75bA2 

Strongest hit: incomplete. BLAST search revealed nothing significant. Motifs: 
GDSL - GTND; no GRTT or equivalent. Sequence alignment against the core list of 
organisms shows no convincing associations. The closest neighbors appear to be the 
Vibrio - Aeromonas groups of the gaxnma-Proteobacteria. 



M.smegmatis ACT (0.4020) 

M75bA2_prelim (0.4499) 

Vibrio choleraejecithinase (0.1816) 

i Vibrio harveyi (0.0751) 

Vibrio parahaemolyticus (0.0780) 

Vibrio vulnificus (0.1362) 

Legionella pneumophila (0.3459) 

i Aeromonas hydrophila (0.0330) 

"j r Aeromonas salmonicida (0.0017) 

'Aeromonas saImonicida_GPLCACT (0.0013) 
Salmonella typhimurium SseJ (0.3861) 



M70aE8 

Strongest hit: acyl-CoA thioesterase from E. coli (30% identical), and aryl 
esterase hydrolase from Vibrio mimicus (27% identical). Based on incomplete sequence 
GDSL-type esterase (BRAIN) from Neisseria meningitidis (50% identical). Motifs: 
GDSL - GGND; no GRTT - replaced with GRTV. Sequence alignment against the core 
list of organisms shows the closest association to Neisseria meningitidis, a member of the 
beta-Proteobacteria. 
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M.smegmatis ACT (0.4419) 

-M70aE8 (0.2787) 

— Neisseria meningitidis (0.3023) 



■ Pseud omon as aeruginosa thioesterase (0.1473) 
-Pseudomonas syringae (0.1412) 
-Salmonella enterica subsp. enterica (0.1527) 
-Yersinia pestis (0.1562) 
—Vibrio cholerae (0.1509) 
— Vibrio rnmicus (0.1641) 



10 



M4aEll 

Strongest hit: arylesterase from Agrobacterium tumefaciens (59% identity) 
Motife: GDSL - GRTT - GTND. Sequence alignment against the core list of organisms 
shows the closest association to members of the alpharProteobacterta such as 
Agrobacterium. 



- M.smegmatis ACT (0.1697) 

Agrobacterium ihizogenes Q9KWA6_hypprot (0.0937) 



— Sinorhizobium nr^itottfiypProt (0.0806) 

Prosthecobacter dejongen RVM04532 (0J2938) 

-Agrobacterium rtiizogenes Q9KWB1 (0.1312) 
- Sinorhizobium nMlotLHYPPROT (0.1394) 
— Agrobacter tumefaciens arylesterase (0.2473) 
Agrobacterium tumefaciens arytest (0.0084) 
Agrobacterium tumefaciens Q8UFG4 (0.0103) 
Agrobacterium tumafaciens Q9ZI09 (0.0278) 
-Sinorhizobium melilotLARYLEST (0.1324) 
— Mezomizobium toti_ARYLEST (0.1872) 



c5 

I A 



-M091JW4aE1 1(0.2509) 
Ralstonia picketoi (0.2262) 



- Ralstonia soianacerarum (0.21 98) 



15 



Estll4 

Strongest hit: phosphatidylcholine sterol acyltransferase from Aeromonas 
hydrophila (gammii-Proteobacteria) (30% identical). Motifs: GDSL - GPND; no GRTT 
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but GATT may be an equivalent. Sequence alignment against the core list of organisms 
shows the closest association to Acidophilium sp. and Aeromonas/Vibrio within the 
gaxnmarProteobacteria. 



rC 



- M.smegmatis ACT (0.4350) 



-Salmonella typhimurium SseJ (0.3837) 

Acidophilium sp. (0.3439) 

— Est1 14 (0.3317) 

Vibrio choleraejecithinase (0.1843) 

Vibrio harveyi (0.0752) 

Vibrio parahemolyticus (0.0786) 

Vibrio vulnificus (0.1340) 



Aeromonas hydrophila (0.0318) 
Aeromonas salmonlcida (0.0017) 
Aeromonas salrnonicidajGPLCACr (0.0013) 



-Legionella pneumophila (0.3367) 



10 

Estl05 

Strongest hit: Pseudomonas aeruginosa outer membrane esterase, and 
hypothetical protein Pseudomonas putida (27% identical). Motifs: GDSL - GAND, no 
GRTT or equivalent. Sequence alignment against the core list of organisms shows the 
15 closest association to members of the geanmarProteobacteria. 

M.smegmatis ACT (0.501 1 ) 

Est105 (0.3462) 

Moraxella bovis (0.2785) 

Moraxella catanrhalis (0.2835) 

— Photortiabdus lurrinescens (0.2935) 
-Salmonella typhimurium (0.2467) 
-Senatia liquefaciens (0.2440) 

— Pseudomonas aeruginosa (0.21 36) 

— Pseudomonas putida (0.2128) 
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An overall alignment of these clones/sequences (here shown underlined) indicates 
that they are scattered throughout the alignment tree of strains indicating that the 
metagenomic screening has provided a variety of sequences and not a limited diversity. 

5 
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M.smeomaHs ACT (0.1 786) 
Agro bacterium rhizogenes Q9KWA6_hypprot (0.0856) 
SlnorhlzoWum meJiloti-hypProt (0.0887) 
Prosthecc barter dejongoil RVM04632 (02883) 
Agrobacterium rhizogenes Q9KWB1 (0.1362) 
Slnorhlzobium me!ilotJ_KYPPROT (0.1344) 
Agnobacter tumefadens arytesterase (02454) 



Agrobacterium tumefadens arylest (0.0059) 
Agrobacterium tumefadens Q8UFG4 (0.0081) 
Agrobacterium tumefadens Q9ZI09 (0.0283) 
SlnorNzobium me11loti_ARYLEST (0.1445) 
Mezortiizobhim lotfJVRYLEST (0.1917) 




Chromobacterium vlolaceum (0.2778) 
Pseudomonas aeruginosa thioesterase (0.1441) 
Pseudomonas syrlngae (0.1444) 

(0.0534) 



Lactococcus lacBs subsp. lacUs (0.3256) 
Badllus subtfflsJtypProt (0.4082) 



-Addophillum sp. (0.3852) 



—EsUH (0.3606) 

j Aeromonas hydropttla (0.0321) 

~j | Aeromonas salmonldda (0.0015) 

■ Aeromonas s almonldda J3PLCACT (0.0015) 
— — Legionella pneumophila (0.3704) 



-Vibrio choleraejedthinase (0.1862) 

- Vibrio harvayl (0.0770) 

-Vibrio parahemolyticus (0.0765) 



-Vibrio vulnificus (0.1485) 



— Salmonella typhlmurium SseJ (0.4293) 

- Arabidopsis thallana (0.3980) 



— Homo sapiens (0.391 1 ) 

— Moraxeila bovis (0.2868) 

— Moraxeila catanrhalls (02882) 
- Est105 (0.3982) 

— Photorhabdus lumlnescens (0.3038) 

— Salmonella typhlmurium (0.2500) 

— Serratia liquefadens (0.2469) 

— Pseudomonas aeruginosa (0.2114) 
— — Pseudomonas putida (0.2182) 
-—Aspergillus aculeatus (0.4168) 

- Bacillus subtilis_yesT (0.3105) 



- Badltus subffl!s_vesY (02952) 

- Erwinia chrysanthemi (0.4168) 



-MZ5fcA£ (0.4432) 
Badllus subtins bfmBB (0.4620) 



— Badllus subflOs-fabD (0.4598) 

- Badllus subtHis_YxiM (0.4S16) 



- Badllus subfilis YusK (0.4480) 
- Badllus subtilis-YhdO (0.4364) 



-39T 



- Homo saplens_PAF (0.4039) 
- Streptococcus pneumoniae (0.4082) 



- Listeria monocytogenes (0.4028) 



- Pseudomonas aeruginosa HypProt (0.31 19) 



- Streptomyces avermltilis (0.3212) 



-Streptomyces diastatochromogenes (0.4150) 
- Streptomyces scab! el (0.4230) 
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Gene Mining for GRTT - Type Esterases 

5 (clones with perhydrolase activity) 

Sinorhizobium meliloti Smal 993 -hypothetical protein_Sme 
Motifs: GDSL - ARTT - GTND 

10 Sinorhizobium me/ifotf ,Q92XZl-hypothetical protein_Sme 
Motifs: GDSN - GRTT - GTND 

Mesorhizobium loti Q98MY5-arylesterase_Mlo 
Motifs:GDSL - GRTT - GAND 

15 

Moraxella bovis AAK53448 (lipase) 

Motifs: GDSL - GSND, no GRTT or equivalent in this sequence order, 
(perhydrolase activity low, questionable sequence) 

20 Agrobacterium tumefaciens Q8UACO 
Motifs: GDSL - GRTT - GTND 

Agrobacterium tumefaciens Q8UFG4 
Motifs: GDSL - GRTT - GTND 

25 

Mesorhizobium loti RMLO00301 
Motifs: GDSL - GRTT - GAND 

Sinorhizobium meliloti RSM05666 
30 Motifs: GDSL - GRTT - GSND 

(this clone was inactive for perhydrolase activity, 
and probably represents a false negative) 

Sinorhizobium meliloti RSM02162 
35 Motifs: GDSL - ARTT - GTND 

Prosthecobacter dejongeii RVM05432 
Motifs: GDSN - GRTT - GTND 

40 
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A GDSxi -X2RTT - GX3ND motif characterizes the active clones/sequences, 

where: 

Xi = LorN 
X2 = AorG 
X3 = Tor AorS 

The Moraxella bovis AAK53448 sequence does not fit this pattern and is 
excluded from the alignment analysis provided below: 



Multiple Sequence Alignment of Active Clones/Sequences 



ACT MSMEG 
Q98MY5 Mesorhizobium loti 
Smal993 Sinorhizobium meliloti 
Q92XZ1 Sinorhizobium meliloti 
P.dejongeii RVM04532 
RSM05666_Sm 
RSM02162_Sm 
At-Q8UAC0 
At-Q8UFG4 
M1-RMLO00301 
S261_M2aA12 
M091_M4aEU 
Consensus 



1 50 

( 1 ) MAKRI LCFGDS LUWGWVPVEDGAPU-ERFAPDVRWUG 

(1) . MKTVLCYGDSLTWGYNAEGGR HALEDRWPS 

( 1 > MTIMSHSWRTLMVEKRSVLCFGDSLTWGWIPVKESSPT-LRYPYEQRWTG 

(1) MEETVARTVLCFGDSNTHGQVPGRGPLDR YRREQRWGG 

MKT I LC FG DSNTWGY DPASMTAPFPRRHGPEVRWT G 

MKTVLCYGDSLTWGYDATGSG R HALEDRWPS 



(1) 
(1) 
<D 
(1) 
(1) 



MVEKRSVLCFGDSLTWGWIPVKESSPT-LRYPYEQRWTG 

MKTVLAFGDSLTWGADPATGLR HPVEHRWPD 

— MVKSVLC FGDSLTWGSNAETGG RHSHDDLWPS 

{ 1 ) MAGGTRLDECTGERMKTVLCYGDSLTWGYNAEGGR HALEDRWPS 

( 1 ) MKNI LAFGDSLTWG FVAGQDA RHPFETRWPN 

( 1 ) MKTILAYGDSLTYGANPI PGG-PR HAYEDRWPT 

(1) MKTVLCFGDSLTWGY P G RHA E RWP 



ACT MSMEG 
Q98MY5 Mesorhizobium loti 
Smal993 Sinorhizobium meliloti 
Q92XZ1 Sinorhizobium meliloti 
P.dejongeii RVM04532 
RSM05666_Sm 
RSM02162_Sm 
At-Q8UAC0 
At-Q8UFG4 
M1-RMLO00301 
S261_J42aA12 
M091_M4aEll 
Consensus 



51 100 
< 37 ) VLAQQLGADFEVIE — EGLSARUUNIDDPUDPRL-NGASYLPSCLAUHLP 

(31) VLQASI1GGGVQVIA--DGLNGRTTAFDDHLAGADRNGARLLPTALTT HAP 

( 50 ) AMAARLGDGYHIIE—-EGLSARTTSLDDPNDARL-NGSTYLPMALASHLP 
(39 ) VLQGLLGPNWQVI E EGLSGRTTVH DD P I EGS LKNGRI Y LRPCLQSHAP 
(37 ) VLAKALGAGFRVIE--EGQNGRTTVHEDPLNICR-KGKDYLPACLESHKP 

(32 ) VLQKALGS DAHVI A — EGLNGRTTAY DDHLADCDRNGARVLPTVLHT HAP 
(39) AMAARLGDGYHI IE— EGLSARTTSLDDPNDARL-NGSTYLPMAIASHLP 

(32 ) VLEAE LA.GKAKVH P — EGLGGRTTCYDDHAGPACRNGARALEVALSCHMP 

( 33 ) VLQKALGS DVHVI FTH EGLGGRTTAY DDH TGDCDRNGARLLPTLLHS HAP 
( 45 ) VLQAS LGGGVQVIA— DGLNGRT TAFDDH LAGADRNGARLL PTALTTHAP 

( 32 ) ALAAGLGGKARVT E — -EGQNGRTTVFDDAAT FE S RNGSVALPLLLI S HQ P 

( 33 ) ALEQGLGGKARVIA--EGLGGRTTVHDDWFANADRNGARVLPTLLESHSP 

(51) VL A LGG VIE EGL GRTTAHDD A RNGAR LPT L SHAP 



ACT MSMEG 



101 150 
(84) LDLVI IMLGUNDUKAY FRRUPLDIA — LGMSVLVUQVLUS AGGVGUUY PA 
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Q98MY5 Mesorhizobium loti (79) 

Smal993 Sinorhizobium meliloti (97) 

Q92XZ1 Sinorhizobium meliloti (87) 

P.dejongeii RVM04532 (84) 

RSM05666_Sm (80) 

RSM02162_Sm (86) 

At-Q8UAC0 (80) 

At-Q8UFG4 (83) 

M1-RMLO0030X (93) 

S261_M2aAl2 (80) 

M091_M4aEll (81) 

Consensus (101) 



IDLIVIMLGANDMKPWIHGNPVAAK — QGIQRLI DIVRGHDY PFDW PAP- 
LDLVI IMLGTNDTKS Y FHRT PYEIA — NGMGKLVGQVLTCAGGVGT PY PA 

LDLI I IMLGTNDLKRRFNMPPSEVA— MGIGCLVHDIRELSPGRTGN 

LDLVI LMLGTNDLKST FNVPPGEIA — AGAGVLGRMI LAGDAGPENR- PP 
LDLIVFMLGSNDMKPI I HGTAFGAV — KGI ERLVNLVRRHDWPTETEEG- 
LDLVI IMLGTNDTKSYFHRTPYEIA— NOIGKLVGQVLTCAGGVGTPYPA 
LDLVI IMLGTND I KPVHGGRAEAAVS— CMRRLAQIVET FI YKPREAVP- 
LDMVT IMLGTNDMKPAI HGSAIVAFTMKGVERLVKLTRNHVWQVSDWEAP 
IDLIVTMLGANDMKPWIHGNPVAAK — QGIQRLIDIVRGHDYPFDWPAP- 
LDLVT IMLGTNDIKFAARCRAFDAS — MQ4ERLIQIVRSANYMKGYKI P- 
LDL IVIMLGTNDI KPHH GRTAGEAG — RGMARLVQI IRGHYAGRMQDE P- 
LDLVI IMLGTNDMKP H P EAA GM RLV IVR YG P 



ACT MSMEG (132) 

Q98MY5 Mesorhizobium loti (126) 

Smal993 Sinorhizobium, meliloti (145) 

Q92XZ1 Sinorhizobium meliloti (132) 

P.dejongeii RVM04532 (131) 

RSM05666_Sm (127) 

RSM02162_Sm (134) 

At-Q8UAC0 (127) 

At-Q8UFG4 (133) 

M1-RMLO00301 (140) 

S261J42aA12 (127) 

M091_M4aEll (128) 

Consensus (151) 



151 200 
PKVLWS PPPLAPM PH PW FQLI FE — GGEQKUUELARVYSALAS FMKVP F 
-QILIVS PPWSRTENADFREMFAG — GDEASKQLAPQYAALADEVGCGF 
PKVLWAPPPLAPMPDPWFEGMFG — GGYBKSKELSGLYKALADFMKVEF 
DPEIMIVAPPPMLEDLKEWESI FS--GAQEKSRKLALE FEIMADSLEAH F 
QLLLMCP PKVRDLSAMPDLDAKI P — HGAARSAEFPRHYKAQAVALKCEY 
PEILIVS PPPLCETANSAFAAMFAG — GVEQSAMLAPLYRDLADELDCGF 
PKVLWAPPPLAPMPDPWFEGMFG — GGYEKSKELSGLYKALADFMKVEF 

-KLLI VAPP PCVAGPGGEPAGGRD IEQSMRLAPLYRKLAAELGHHF 

-DVLIVAPPQLCETANPFMGAIFPJ1AIDESAMLASVFTYRDLADELDCGF 
-01 LIVS PPWSRTEMADFREMFAG — GDEAS KQLAPQYAALADEVGCGF 
-EILI I S PPSLVPTQDEWFNDLWG — HAIAESKLFAKH YKRVAEELKVHF 
-QI ILVSPPPI I LGDWADMMDHFGPHEAIATSVDFARE YKKRADEQKVH F 
ILIVSPPPL T DF AMFG G E SK LA YKALADELK F 



ACT MSMEG (180) 

Q98MY5 Mesorhizobium loti (173) 

Smal993 Sinorhizobium meliloti (193) 

Q92XZ1 Sinorhizobium meliloti (180) 

P.dejongeii RVM04532 (179) 

RSM05666_Sm (175) 

RSM02162_Sra (182) 

At-Q8OAC0 (172) 

At-Q80FG4 (182) 

M1-RMLO00301 (187) 

S261_M2aAl2 (174) 

M091_M4aEll (177) 

Consensus (201) 



201 241 

FDAGSVTSUDGVDGIHFUEANNRDLGVALAEQVRSLL (SEQ ID NO: 662) 

FDAGTVAQTT PLDGVHLDAENTRNIGKALTSWRVMLEL — (SEQ ID NO: 663) 

FAAGDCI STDGI DGI K LSAETN I RLGHAIADKVAALF (SEQ ID NO: 664) 

FDAGTVCQCS PADGFH I DEDAHRLLGEALAQEVLAI GWPDA (SEQ ID NO: 665) 

FNSQE I VET S PVDGI HLEAS EHLKLGEALAEKVKVLLG (SEQ ID NO: 666) 

FDGGSVARTTPI DGVHLDAENTRAVGRGLEPWRMMLGL — (SEQ ID NO: 667) 

FAAGDCI STDGI DGIHLSAETN I RLGHAI ADKVAAL F (SEQ ID NO: 668) 

FDAGSVASAS PVDGVHLDASATAA1 GRALAAPVRD I LG (SEQ ID NO: 669) 

FDAGSVARTT PVDGVHLDAE NTRAI GRGLE PWRMMLGL — (SEQ ID NO: 670) 

FDAGTVAQTT PLDGVH LDAENTRNI GKALTSWRVML (SEQ ID NO: 671) 

FDAGTVAVADKT DGGHLDAVNTKAI GVALV PWKS I LAL — (SEQ ID NO: 672) 
FDAGTVATTS KADGI HLD PANTEIAIGAGLVPLVKQVLGL — (SEQ ID NO: 673) 
FDAGTVA TS PVDGI HLDAENTR IG ALA WR LLG (SEQ ID NO: 674) 
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A guide tree (i.e., an approximation of a phylogenetic tree) of the CLUSTALW 
alignment of active clones/sequences is provided below. 



-ACT MSMEG 

■Sma1993 Sinorhizobium meliloti 

'RSM02162_Sm 

P.dejongeii RVM04532 

Q92XZ1 Sinorhizobium meliloti 



.Q98MY5 Mesorhizobiumloti 
""MHRMLO00301 
-RSM05666_Sm 
At-Q8UFG4 



h: 



-At-Q8UAO0 
-S261 M2aA12 



-M091 M4aE11 



Table 13-2. Similarity and Identity of Clones/Sequences 
Compared to M. smegmatis Perhydrolase 


Clone/Sequence 


% 

Identity 


% 

Similarity 


Sinorhizobium meliloti Smal993 


55.5 


71.6 


Sinorhizobium meliloti 092XZ1 


38.7 


54.7 


Mesorhizobium loti 098MY5 


38.8 


53.4 


Moraxella bovis AAK53448 


5.0 


9.7 


Agrobacterium tumefaciens 08UACO 


36.7 


47.7 


Agrobacterium tumefaciens 08UFG4 


37.1 


50.4 


Mesorhizobium loti RMLO00301 


34.8 


50.9 


Sinorhizobium meliloti RSM05666 


37.4 


52.5 


Sinorhizobium meliloti RSM02162 


58.3 


75.2 
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Prosthecobacter deiom*eii RVM05432 


41.6 


55.7 


S261_M2aA12 


39.3 


54.3 


M091 M4aE1 1 


34.7 


50.2 



Based on the results, the active clones were found to have an overall identity to M. 
smegmatis perhydrolase of 38.7 - 58.3%. Moraxella bovis AAK53448 was found to be 
5 an exception and the (translated) amino acid sequence is questionable. 

Redundancy 

From the analyses above, it was evident that some redundancy exists in the 
alignment provided at the beginning of this Example that will have added undue 
weighting to the consensus sequence. Also, further GDSL-GRTT sequences were added. 
Thus, in the revised alignment below, the following changes were made: 

Removed: 

Natural isolate 14B 
Natural isolate 2D 
RSM02162JSm 
Q98MY5 Mesorhizobium loti 

Added: 

BAB16197(ArhII) 
BAB16192(ArhI) 
NP 00197751 (MloII) 
NP 0021 6984 (Bee) 
NP 522806 (Rso) 

Non-redundant alignment: 

25 

20A 

9B Natural Isolate 
M. para fortui turn COl 
MSAT 

396 



10 



15 



20 



1 50 

( i ) LPSGILCFGDSLTWGWIPVEEGVPTERFP-RDVRWTG 

( 1 ) -GGRCVASCEVGAVAKRI LC FGD SLTWGW I PVEEGVPTQRFP-KRVRWTG 

(1) MAKRILCFGDSLTWGWI PVEEGVPTERFP-RDVRWTG 

(1) MAKRILCFGDSLTWGWVPVEDGAPTERFA-PDVRWTG 
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Sm-RSM05666 
At-Q8UAC0 
At-Q8UFG4 
M091_M4aEll 
M1-RMLO00301 
P.dejongeli RVM04532 
Q92XZ1 Sinorhizobium meliloti 
S261_M2aAl2 
Smal993 Sinorhizobium meliloti 
ZPJJ0197751 
ZPJ)0216984 
BAB16192 
BAB16197 
NP__522806 
Consensus 



(D MKTVLCYGDSLTWGYDATG SGRHALEDRWPS 

(D MKTVLAFGDSLTWGADPAT GLRH PVEHRWPD 

(1) MVKSVLCFGDSLTWGSNAET GGRHSHDDLWPS 

(1) MKTILAYGDSLTYGANPIP GGPRHAYEDRWPT 

(1) MAGGTRIiDECTGERMKTVLCYGDSLTWGYNAE GGRHALEDRWPS 

( i j MKTILCFGDSNTWGYDPASMTAPFPRRHGPEVRWTG 

{ !) MEETVARTVLCFGDSNTHGQVPG — RGPLDRYR-REQRWGG 

(!) MKNpL LAFGDSLTWGFVAG QDARHPFETRWPN 

* 1 ) MTINSHSWRTIMVEKRSVLCFGDSLTWGWIPVKBSSPTLRYP-YEQRWTG 

(!) MKT I LCYGDSLTWGYDAVG PSRHAYEDRWPS 

( 1) MTMTQKTVLCYGDSNTHGTRPMTHAGGLGRFA-REERWTG 

( i ) MICHKGGEEMRSVLCYGDSNTHGQI PG — GSPLDRYG-PNERWPG 

( i ) MAESRSI LCFGDSLTWGWI PVPESS PTLRY P- FEQRWTG 

( i ) MQQILLYSDSLSWGII PG TRRRLPFAARWAG 

(1) MKT I LC FGDS LTWGW I PV P RR E RW G 



20A 

9B Natural Isolate 
M. parafortuitum COl 
MSAT 
Sm-RSM05666 
At-Q8UAC0 
At-Q8UFG4 
M091_M4aEll 
M1-RMLO00301 
P.dejongeii RVM04532 
Q92XZ1 Sinorhizobium meliloti 
S261_M2aA12 
Smal993 Sinorhizobium meliloti 
ZPJ)0197751 
ZPj)0216984 
BAB16192 
BAB16197 
NP_522806 
Consensus 



51 100 

(37 ) VLADLLGDRYEVIE EGLSARTTTADDPADPRLN-GSQYLPSCLASHL 

.(49) VLADELGAGYEWE EGLSARTTTADDPTDPRLN-GSDYLPACLASHL 

(37 > VLADLLGDRYEVIE EGLSARTTTAEDPADPRLN-GSQYLPSCLASHL 

( 37 ) VLAQQLGADFEVIE EGLSARTTNl DDPTDPRLN-GAS YLPSCLATHL 

( 32 ) VLQKALGSDAHVTA EGLNGRTTAYDDHLADCDRNGARVLPTVLHTHA 

(32) VLEAELAGKAKVHP EGLGGRTTCYDDHAGPACRNGARALEVALSCHM 

( 33 ) VLQKALGSDVHVIFT-HEGLGGRTTAYDDHTGDCDRNGARLLPTLLHSHA 

(33) ALEQGLGGKARVTA EGLGGRTTVHDDWFANADRNGARVLPTLLESHS 

(45) VLQAS LGGGVQVIA DGLNGRTTAFDDHLAGADRNGARLLPTALTTHA 

(37 ) VLAKALGAGFRVIE EGQNGRTTVHEDPLNICRK-GKDYLPACLESHK 

(39) VLQGLLGPNWQVIE EGLSGRTTVHDDPIEGSLKNGRIYLRPCLQSHA 

{ 32 ) ALAAGLGGKARVIE EGQNGRTTVFDDAAT FESRNGSVALPLLLISHQ 

( 50 ) AMAARLGDGYHI I E EGLSARTTSLDDPNDARLN-GSTYLPMALASHL 

(32) VLQGRLGSSARVIA EGLCGRTTAFDDWVAGADRNGARILPTLLATHS 

(40) VLAQT LGASWRVTE EGLPARTTVHDDPIEGRHKNGLSYLRACVESHL 

(43 ) VLRRELGSQWYVIE EGLSGRTTVRDDPI EGTMKNGRT YLRPCLMSHA 

(39) AMAAALGDGYS I IE EGLSARTTSVE D PNDPRLN-GSAYLPMALAS HL 

(32) VMEHALQAQGHAVRIVEDCI^GRTTVLDDPARPGRN-GIiQGIAQRIEAHA 

(51) VLA LGA Y VIE EGL GRTT DDP D RNGA YLP L SH 



2 OA 

9B Natural Isolate 
M. parafortuitum COl 
MSAT 
Sm-RSM05666 
At-Q8UAC0 
At-Q8UFG4 
M091_M4aEll 
M1-RMLO00301 



101 150 

( 83 ) PLDLVI LMLG I NDTKAN FGRT P FD — I ATGMGVLATQVLTS AGG-VGT S Y 

(95) PLDLVI LMLGTNDTKANLNRT PVD — IASGMGVLATQVLTSAGG-VGTSY 

(83) PLDLVI LMLGTNDTKAN FGRT P FD — IATGMGVLATQVLT SAGG-VGT S Y 

(83) PLDLVI IMLGTNDT KAYFRRT PLD — I ALGMSVLVTQVLTSAGG-VGTTY 

(79) PLDLIVFMLGSNDMKPIIHGTAFG — AVKGI ERLVNLVRRHDWPT— ETE 

(79) PLDLVIIMLGTNDIKPVHGGRAEA— AVSGMRRLAQIVETFI YK PRE 

(82) PLDMVI IMLGTNDMKPAI H GSAI VAFTMKGVERLVKLTRNHVWQV — SDW 

{ 80 ) PLDLIVIMLGTNDI KPHHGRTAGE — AGRGMARLVQII RGHYAG RMQ 

(92 ) PIDLIVIMLGANDMKPWIHGNPVA — AKQGIQRLIDIVRGHDYP FDW 
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P.dejongeii RVM04532 (83) 

Q92XZ1 Sinorhizobium meliloti (86) 

S261_M2aAl2 (79> 

Smal993 Sinorhizobium meliloti (96) 

ZP_001977S1 (79) 

ZPJJ0216984 (87) 

BAB16192 (90) 

BAB16197 (85) 

NP_522806 (81) 

Consensus ( 101 ) 



PLDLVI LMLGTNDLKST FNVP PGE — IAAGAGVLGRMI LAGDA GPEN 

PLDLI I IMLGTNDLKRRFNMPPSE --VAMGIGCLVHDIRELS P GRTG 

PLDLVI IMLGTNDIKFAARCRAFD — ASMGMERLIQIVRSANYM KGY 

PLDLVI IMLGTNDTKS Y FHRT PYE — IANGMGKLVGQVLTCAGG-VGT PY 

PLDLVIVMLGTNDMKSFVCGRAIG — AKQGMERIVQIIRGQPYS FNY 

PVDWVLMLGTNDLKTRFSVTPAD — IATSVGVLLAKIAACGA GPSG 

ILDLVEIMLGTNDLKARFGQPPSE — VAMGIGCLVY DIRE LAP GPGG 

PLDLVI ILLGTNDTKSY FRRT PYE— IANGMGKLAGQVLTSAGG- IGT PY 

PLALVXLMLGTNDFQAI FRHTAQD — AAQGVAQLVRAIRQAPI E P GM 

PLDLVI IMLGTNDLKA F TP D IA GMGRLV VR G G Y 



20A (130) 

9B Natural Isolate (142) 

M. parafortuitum COl (130) 

MSAT (130) 

Sm-RSM05666 (125) 

At-Q8UAC0 (124) 

At-Q8UFG4 (130) 

M091_M4aEll (125) 

M1-RMLO00301 (137) 

P.dejongeii RVM04532 (128) 

Q92XZ1 Sinorhizobium meliloti (131) 

S261_M2aA12 (124) 

Smal993 Sinorhizobium meliloti (143) 

ZP_00197751 (124) 

ZPJ)0216984 (132) 

BAB16192 (135) 

BAB16197 (132) 

NP_522806 (126) 

Consensus (151) 



151 200 
PAPQVLIVAPPPLGELPHPWFDL — VFSGGREKTAELARVYSALASFMKV 
PAPQVLI VAPPPLAEMPH PW FE L — VFDGGREKTAQLARVYSALASFMKV 
PAPQVLIVAPPPLGELPHPWFDL — VFSGGREKTAELARVYSALASFMKV 
PAPKVLWSPPPLAPMPHPWFQL — 1 FEGGEQKTTELARVYSALASFMKV 
EG PE I LI VS PPPLCETANSAFAAMFAGGVEQSAMLAP — LYRDLADELDC 
AVPECLLIVAPPPCVAGP — GGEPAGGRDIEQSMRLAP — LYRKLAAELGK 
EAPDVLIVAPPQLCBTANPFMGAI FRDAI OESAMLASVFT YROLADELOC 
0E PQI I LVS PPPI ILGDWAD3MMDH FGPHEAIATSVDFAREYKKRADEQKV 
PAPQI LIVSPPWSRTENADFREMFAGGDEASKQLAP — QYAALADEVGC 
RPPQLLLMCPPKVRDLSAMPDLDAKI PHGAAR-SAEFPRHYKAQAVALKC 

ND PE IMIVAPPPMLEDLKEWES 1 FSGAQEKSRKLALEFEIMADSLEA 

KI PEILI ISP PSLVPTQDEWFNDLWGHAIAESKLFAK — HYKRVAEELKV 
PAPKVLWAPPPLAPMPDPWFEG — MFGGGYEKSKELSGLYKALADFMKV 
KVPS I LLVAP PPLCATENSDFAE I FEGGMAESQKLAP — LYAALAQQTGC 

AS PKLVLMAPAPI VEVGFLGB I FAGGAAK-SRQLAKRYEQVASDAGA 

KPPEIMWAPPPMLDDIKEWEP 1 FSGAQEKSRRLALE FE I IADS LEV 

PAPKLLIVSPPPLAPMPDPW FEG — MFGGGYEKSLELAKQYKALANFLKV 

PVPPVLIWPPAITAPAGAMADK FADAQPKCAGLAQAYRATAQTLGC 

AP ILIVAPPPL E WF IFGGA KS LA YKALA LKV 



20A (178) 

9B Natural Isolate (190) 

M, parafortuitum COl (178) 

MSAT (178) 

Sm-RSM05666 (173) 

At-Q8UAC0 (170) 

At~Q80FG4 (180) 

M091JM4aEll (175) 

M1-RMLO00301 (185) 

P.dejongeii RVM04532 (177) 

Q92XZ1 Sinorhizobium meliloti (178) 

S261_M2aA12 (172) 

Smal993 Sinorhizobium meliloti (191) 

ZP 00197751 (172) 



201 248 

PFFDAGSVI STDGVDGTHFTRGETI (SEQ ID NO: 675) 

PFFDAGSVISTDGVDGTHFTRGETIDR (SEQ ID NO: 67 6) 

PFFDAGSVI STDGVDGIHFTRGEQST (SEQ ID NO: 677) 

P FFDAGSVI S T DGVDGI H FT EANNRDLGVALAEQVRSLL (SEQ ID NO: 678) 

GFFDGGSVARTTPIDGVHLDAENTRAVGRGLE PWRMMLGL (SEQ ID NO: 67 9) 

H FFDAGSVASAS PVDGVHLDASATAAI GRALAAPVRDI LG (SEQ ID NO: 680) 

GFFDAGSVARTT PVDGVHLDAENTRAI GRGLE PWRMMLGL (SEQ ID NO: 681) 

HFFDAGTVATTSKADGIHLDPANTRAIGAGLVPLVKQVLGL (SEQ ID NO; 682) 

GFFDAGTVAQTTPLDGVHLDAENTRNI GKALTSWRVML (SEQ ID NO: 683) 

EYFNSQEIVETSPVDGIHLEASEHLKLGEALAEKVKVLLG (SEQ ID NO: 684) 

H FFDAGTVCQCS PADG FH I DEDAHRLLGEALAQEVLAIGW PDA (SEQ ID NO: 685) 

H FFDAGTVAVADKTDGGHLDAVNTKAI GVALVPWKS I LAL (SEQ ID NO: 686) 

EFFAAGDCISTDGIDGIHLSAETNIRLGHAIADKVAALF (SEQ ID NO: 687 

AFFDAGTVARTTPLDGIHLDAENTRAIGAGLEPVVROALGL (SEQ ID NO: 688) 
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ZP_00216984 (178) HFLDAGAIVEVSPVDGVHEAADQHRVLGQRV7\ALLQQIA (SEQ ID NO: 689) 

BAB16192 (182) HFFDAATVASCDPCDGFHINREAHEALGTALAREWFJUGWR (SEQ ID NO: 690) 

BAB16197 (180) DEXDAGEFVKTDGCDGIHFSAETNITLGHAIAAKVEAI FSQEAKNAAA (SEQ ID NO: 691) 

NP_522806 (173) HVFDANSVT PASRVDGI HLDADQHAQLGRAMAQWGT LLAQ (SEQ ID NO: 692) 

5 Consensus (201) FFDAGSV TSPVDGIHLDAENTR LG ALA VR Ih (SEQ ID NO:693) 



10 

The guide tree to the CLUSTALW alignment (which approximates to a 
phylogenetic tree) clearly indicates 3 groupings: 

1) GDSL - ARTT group including Act 

2) GDSL - GRTT group composed of members of the Rhizobiales and the 
15 metagenome; and 

3) Intermediate group of mixed motifs. 

It is also contemplated that the results suggest some form of gene duplication and 
mutation events in the Rhizobiales and lateral gene transfer to Mycobacterium. 
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20A Mvcobacterium narafortuitum 

M. oarafortuitum COI 
9B Natural Isolate Mycobacterium silvujn 
MSAT M. smeematis 

Sma1993 Sinorhizobium meliloti 
BAB1 61 97 Aerobacterium tumefaciens-l 
Prothecobacter.deioneeii RVM04532 
Q92XZ1 Sinorhizobium meliloti 
BAB16192 A. tumefaciens 
— ZP 00216984 Burkholderia ceoacia 
~NP 522806 Ralstonia solanacearum - 



GDSL-ARTT 



Mixed 



At-Q8UAC0 A. tumefaciens 
Sm-RSM05666 Sinorhizobium meliloti 

At-Q8UFG4 A. tumefaciens 
MI-RMLO00301 Mesorhizobium loti 
ZP 00197751 Mesorhizobium loti 
M091 M4a 
S261 M2a 



Metagenome 



GDSL-GRTT 



Using the non-redundant alignment a new Act consensus was constructed called 
"Act chimera". 



10 1 KTILCFGDSL TWGWIPVEDG APTERRAPEV RWTGVLAQQL GADYEVIEEG 

51 LSGRTTNIDD PTDPRLRNGA SYLPSCLASH LPLDLVIIML GTNDLKAYFR 

101 RTPLDIALGM GRLVTQVRTS AGGVGTTYPA PKILIVAPPP LAEMPHPWFQ 

151 LIFGGAEQKS TELARVYKAL ASFLKVPFFD AGSVISTSPV DGIHLDAENT 

201 RDLGVALAEQ VRSIL (SEQ ID NO: 694) 



15 



An alignment of Act-chimera with Ms Act (Chimera align) indicates 91 .6% 
similarity and 86.0% identity, as indicated below. 



400 



WO 2005/056782 



PCT/US2004/040438 



10 



15 



20 



25 



GC821-2 



MSAT 
Act-Chimera 
Consensus 



MSAT 
Act-Chimera 
Consensus 



MSAT 
Act-Chimera 
Consensus 



MSAT 
Act-Chimera 
Consensus 



MSAT 
Act-Chimera 
Consensus 



x 50 
( 1 ) MAKRILCFGDSLTWGWVPVEDGAPTERFAPDVRWTGVLAQQLGADFEVIE 
( 1 ) — KT I LC FGDS LTWGWI PVEDGAPTERRAPEVRWTGVLAQQLGADYEVIE 
(1) K I LCFGDS LTWGW I P VE DGAPT ER APDVRWTGVLAQQLGADFEVIE 

51 100 
(51) EGLSARTTNIDDPTDPRLN-GASYLPSCLATHLPLDLVIIMLGTNDTKAY 
(49) EGLSGRTTNIDDPTDPRLRNGASYLPSCLASHLPLDLVIIMLGTNDLKAY 
(51) EGLSARTTNIDDPTDPRL GASYLPSCLASHIiPLDLVIIMLGTND KAY 

101 150 

(100) FRRTPLDIALGMSVLVTQVLTSAGGVGTTYPAPKVLWSPPPIoAPMPHPW 

( 99) FRRT PLDI ALGMGRLVTQVRT S AGGVGTT YPAPKI LI VAP P PLAEMP H PW 

(101) FRRTPLDIALGM LVTQV TSAGGVGTTYPAPKILIVAPPPLA MPHPW 

151 200 

( 150 ) FQLIFEGGEQKTTELARVYSALASFMKVPFFDAGSVISTDGVDGIHFTEA 

(14 9) FQLI FGGAEQKSTELARVYKALASFLKVPFFDAGSVI STSPVDGI HLDAE 

(151) FQLIF GAEQKSTELARVY ALASFLKVPFFDAGSVIST VDGIH 



201 217 

(200) NNRDLGVALAEQVRSLL 
(199) NTRDLGVALAEQVRS I L 

(201) N RDLGVALAEQVRS I L 



(SEQ ID NO: 695) 
(SEQ ID NO: 694) 
(SEQ ID NO: 696) 



A BLASTP search with Act-chimera did not reveal any further sequences. 



30 The Act-chimera is "forced" on the Per sequence at the positions where no 

consensus exists. However, a basic 'unforced' consensus sequence did not provide any 
more information from a blastp search or from alignment analysis. Thus, comparison 
with the most distant homologues in the blastp 'hit* list was considered more useful in 
defining the important residues/positions in Act sequence space. This was a useful 

3 5 exercise, as these sequences were not used in the non-redundant alignment. 

For example, Rhodopirellula baltica (NP_865748; Psp; a Planctomycetes and 
quite different from either Mycobacterium or Rhizobiales), was compared as shown 
below. 
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MSAT 
NP_865746 
Consensus 



MSAT 
NP_86574 6 
Consensus 



MSAT 
NP_86574 6 
Consensus 



MSAT 
NP_865746 
Consensus 



1 50 

( 1 ) MAKRILCFGDSLTWGWVPVEDGAPTERFAPDVRWTGVLA QQLGADFE 

(1) -MHSILIYGDSLSWGIIPGTR RRFAFHQRWPGVMEIELRQTGIDAR 

(1) IL FGDSLSWG IP RFA RW GVL Q G D 

51 100 
(48) VIEEGLSARTTNI DDPTDPRLNGAS YLPSCLATHLPLDLVI IMLGTNDTK 
(46) VIEDCLNGRRTVLEDPIKPGRNGLDGLQQRIEINSPLSLVVLFLGTNDFQ 
(51) VIED L ART IDDP P NG L I PL LVII LGTND 

101 150 
( 98 ) AYFRRTPLDIALGMSVLVTQVLTSAGGVGTTYPAPKVLWSPPPLAPMPH 

( 96 ) S VHE FHAEQS AQGLALL V — DAI RRS P FE PGMPT PKI LL VAP PTV HH - PK 



(101) A 



A GLALLV 



P PKILLVAPP L 



151 200 
( 148 ) PWFQLIFEGGEQKTTELARVYSALASFMKVPFFDAGSVISTDGVDGIHFT 

(143) LDMAAKFQNAETKSTGLADAIRKVSTEHSCEFFDAATVTTTS WDGVHLD 

(151) F AE KST LA LAS FFDAASV ST VDGIH 



201 222 

MSAT (198) EANNRDLGVALAEQVRSLL 

NP_865746 (193) QEQHQALGT ALAS T I AE I LADC 
Consensus (201) N LG ALA I IL 



(SEQ ID NO: 695) 
(SEQ ID NO: 697) 
(SEQ ID NO: 698) 



The following is an alignment with Ralstonia eutropha (Reu): 



MSAT 
ZP_00166901 
Consensus 



MSAT 
ZP_00166901 
Consensus 



MSAT 
ZP 00166901 



x 50 

{ 1 ) MAKRI LC FGDSLTWGWVPVEDGAPTERFAP DVRWTGVLA 

( ! ) MPLTAPSEVDPLQILVYADSLSWGIVPGTR RRLPFPVRWPGEILELG 

(!) IL FADSLSWG VP R VRW G L 

51 100 
(40) — QQLGADFEVIEEGLSARTTNIDDPTDPRLNGASYLPSCLATHLPLDLV 

(47 ) LNADGGAPVRI I EDCLNGRRT VWDDP FKPGRNGLQGLAQRI E I HS P VALV 

(51) GA IIED L AR T DDP P NG L I H PL LV 

101 150 
( 88 ) IIMLGTNDTKAYFRRTPLDIALGMSVLVTQVLTSAGGVGTTYPAPKVLW 

( 97 ) VLMLGNNDFQSMH PHNAWHAAQGVGALV — HAI RT AP I EPGMPVPP I LW 



Consensus (101) IIMLG ND A 



A GM LV 



A I 



P P ILW 
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151 200 
MSAT (138) S PP PLAPMPHPWFQLI FEGGEQKTTELARWSALASFMKVPFFDAGS VI S 
ZP 00166901 (145) VPPPIRT-PCGPIAPKFAGGEHKWAGLPEALRELCATVDCSLFDAGTVIQ 
Consensus (151) PPPI P FGGEKL LAM FDAGSVI 

201 237 

MSAT (188) TDGVDGIHFTEANNRDLGVALAEQVRSLL (SEQ ID NO: 695) 

ZP 00166901 (194) SSAVDGVHLDADAHVALGDALQPWRALLAESSGHPS (SEQ ID NO: 699) 

Consensus (201) S AVDGIH LG AL VRALL (SEQ ID NO: 700) 



Based on these results, the following conclusions were made. A BLASTp nr- 
database search with a perhydrolase consensus sequence revealed GDSL or GDSI 
15 lipases/esterases from a wide diversity of organisms. However, only 12 or 14 of these 

were reliable homologues of Per. Nearly all of these were derived from 1 small group of 
bacteria, namely the Rhizobiales (i.e., Gram-negative soil bacteria belonging the alpha- 
Proteobacteria). A few members of the beta-Proteobacteria were found, but no 
Mycobacterium sp. This provides an indication that the perhydrolase (Per) gene/protein 
20 is not widely distributed in nature. 

The Mycobacterium protein is characterized by the GDSL-ARTT motif, whereas 
most of the Rhizobiales are characterized by a GDSL-GRTT motif. There are also some 
mixed or intermediate motifs (e.g., GDSN-GRTT, GDSN-ARTT and SDSL-GRTT). 
This may indicate gene duplication and mutation event and lateral gene transfer. The 
25 consensus residues identified in these experiments were L6, W14, R27, W34, L38, R56, 
D62, L74, L78, H81, P83, M90, K97, G110, L114, L135, F180, and G205. 

Using the non-redundant alignment and comparison with distant homologues the 
follow sequence space can be defined starting at position 5 of the M. smegmatis 
perhydrolase and ending at position 195, with perhydrolase shown in residues in bold. 



[I, V][L][X][F, Y][G ; S]m][S][T, N][T, S][W, Y, H][G][X] 2 [P, A][X] i 4 [R, L][W] 
[X] 7 [L][X] s[V, I][I, V, H][X][E. D][G, C][L, QM fi, A][R][T][T] [X] 2 [D, E][D] 
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[X] 7 [G][X] 3 [L][X] 6[H][X][P, I][L, I, V][D, A][V, I][X] 2 [M, L][L][ G][X][N][D] 
[X]36[P][X] 6 [P][P,A][X]3i[A]pqi 9 [D][G][X3[H] (SEQ ID NO:701) 

5 

In sum, it is clear from the analyses above that the active clones/sequences with a 
GDSxi - xaRTT - GX3ND motif have all been found among the alpharProteobacteria - 
Gram-negative bacteria associated with the soil rhizosphere. This is in sharp contrast to 
the prototype perhydrolase from M. smegmatis - a high GC content Gram-positive 
10 bacterium assigned to the class Actinobacteria. This division is illustrated in Figure 2, 
which provides a phylogenetic tree, showing the major branches of the bacteria and the 
origin of the active clones/sequences compared to M smegmatis. 

15 EXAMPLE 14 

Native Molecular Weight Estimation of Homologues of the Perhydrolase 

In this Example, experiments conducted to estimate the native molecular weights 

of M smegmatis perhydrolase homologues are described. 

20 Preparation of Samples for Purification (Size Determination) 

A single colony of the desired strains was inoculated in 50ml Terrific Broth and 
incubated overnight at 37°C with shaking at 200 rpm. The cells were pelleted by 
centrifugation for 10 minutes at 7000 rpm in a Sorvall SuperSpeed Centrifuge- The 
pellets were then resuspended in 10 ml 25mM Bis-Tris (pH 6.5) and lysed by passage 
25 through a French pressure cell twice. The lysates were then centrifuged at 1 5000 rpm in a 
Sorvall SuperSpeed Centrifuge. The soluble fraction was heat treated at 55°C for 1 hour 
to precipitate cellular proteins. The samples were then centrifuged at 10000 rpm in a 
Sorvall SuperSpeed Centrifuge and the soluble fractions used for further purification or 
assay. 
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Sizing Columns 

The supernatants (prepared as described above) were run on a Sephadex 200 
sizing column in 20 mM phosphate (pH 8.0), with a flow rate of 0.5 ml/min. The column 
was calibrated prior to running the samples with MW standards (listed below) and 
purified M. smegmatis perhydrolase protein. The crude sample elution volumes were 
determined by collecting 0.5 ml fractions, and assaying the fractions for pNB activity. 
Molecular weights and elution volumes of the standards: 
Thyroglobulin MW 669 kDa : elution volume 16ml 
Aldolase MW 158 kDa: elution volume 24 ml 
Ovalbumin MW 43 kDa: elution volume 26 ml 
Ribonuclease MW 14 kDa: elution volume 32 ml 
Perhydrolase elution volume 24 ml 

Results 

The following Table (Table 14-1) provides the elution volume of some of the M. 
smegmatis perhydrolase homologues identified herein 



Table 14-1. Elution Volume (Estimated Molecular Weight) of 
M intermit" PorliYHrnlase Homoloeues _ 


Homolopue Sample 


F.liition Volume iveS\ 


pLO SmeT 


24 


pET26 SmeTT 


24 


pET26 MIO 


I 0.4 


pET26b Stm 


24 


pET26b Mho 


24 


1 M70aEB pET26 


32 


pET26 m2aA12 


24 


pET26b S2487am 


32 
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S meliloti RSM02162 (000355^ 


24 


PET M2aA12f526n 


24 


M. smeematis Perhvdrolase 


24 



The data in the above Table and the assay results obtained for these homologues 
indicated that these enzymes have an amino acid sequence similar to the M. smegmatis 
5 perhydrolase. As with the M. smegmatis perhydrolase, these homologues exhibit 

perhydrolysis activity as multimers. As described herein, the perhydrolase is an octamer, 
while the homologues, although they elute in a similar volume, are contemplated to be 
dimers, trimers, tetramers, hexamers, and/ or octamers. 

EXAMPLE 15 
Crystal Structure of Perhydrolase 

In mis Example, the crystallographic analysis of the perhydrolase is described. 

1 5 Perhydrolase crystals were obtained under two conditions: 2.0 M [NH^SO-*, 2% 
PEG400, 0.1 M Tris pH 7.1 (giving triclinic, PI crystals) and 1.0 M ammonium 
dihydrogen phosphate, and 0.1M sodium citrate pH 5.6 (giving tetragonal, P4 crystals) 
Both crystal forms gave suitable diffraction beyond 2.0A resolution. Derivative protein 
for a MAD phase determination using selenium replacing sulfur containing methionine 

20 resulting in a protein molecule having four selenomethionines the N-terminal methionine 
is cleaved proteolytically. Of the two forms, triclininc PI a= 83.77A b=90.07A c= 
112.115A a =73.32° p = 77.30° y= 88.07° and P4 a=b=98.18A c=230.12A, the 
P4 crystal gave data that was possible to use for structure determination. Three 
wavelength MAD datasets were collected at wavelengths corresponding to the Se 

25 absorption edge, near the inflection point and a third, away from the absorption edge. 
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Three hundred and thirty-three frames (0.3 degree oscillations per frame) for each 
wavelength with 1 sec exposure time were collected from a single tetragonal space group 
P4 crystal. The structure could be solved with either SOLVE or SHELX computer 
programs giving similar solutions for the 32 possible Se positions. The map was fitted 
using the program "O". It was possible to trace electron density for residues 3-216 in 
each of the eight independent molecules. The final structure of these eight molecules was 
refined using CNS. The current crystallographic R-factor is 21%. The coordinates are 
provided below. 



CRYST1 


98. 


184 


98.184 


230.: 


L19 90.00 90.00 


SCALE 1 




0.010185 


0. 


000000 


0.000000 ' 


SCALE2 




0.000000 


0. 


010185 


0.000000 ' 


SCALE 3 




0.000000 


0. 


000000 


0.004346 1 


ATOM 


1 


CB 


LYS 




3 


-8.167 -61.964 


ATOM 


2 


CG 


LYS 




3 


-8.685 -63.192 


ATOM 


3 


CD 


LYS 




3 


-8.635 -64.400 


ATOM 


4 


CE 


LYS 




3 


-7.963 -65.575 


ATOM 


5 


NZ 


LYS 




3 


-7.359 -66.511 


ATOM . 


6 


C 


LYS 




3 


-9.684 -60.377 


ATOM 


7 


O 


LYS 




3 


-9.087 -59.356 


ATOM 


8 


N 


LYS 




3 


-8.000 -61.626 


ATOM 


9 


CA 


LYS 




3 


-8.919 -61.686 


ATOM 


10 


N 


ARG 




4 


-10.987 -60.381 


ATOM 


11 


CA 


ARG 




4 


-11.695 -59.097 


ATOM 


12 


CB 


ARG 




4 


-12.299 -58.822 


ATOM 


13 


CG 


ARG 




4 


-11.232 -58.465 


ATOM 


14 


CD 


ARG 




4 


-11.845 -58.181 


ATOM 


15 


NE 


ARG 




4 


-11.660 -56.790 


ATOM 


16 


CZ 


ARG 




4 


-12.643 -56.013 


ATOM 


17 


NH1 


ARG 




4 


-13.879 -56.487 


ATOM 


18 


NH2 


ARG 




4 


-12.399 -54.760 


ATOM 


19 


C 


ARG 




4 


-12.735 -59.054 


ATOM 


20 


O 


ARG 




4 


-13.604 -59.909 


ATOM 


21 


N 


ILE 




5 


-12.639 -58.012 


ATOM 


22 


CA 


ILE 




5 


-13.549 -57.882 


ATOM 


23 


CB 


ILE 




5 


-12.747 -57.835 


ATOM 


24 


CG2 


ILE 




5 


-13.678 -57.677 


ATOM 


25 


CGI 


ILE 




5 


-11.811 -59.034 


ATOM 


26 


CD1 


ILE 




5 


-10.437 -58.632 


ATOM 


27 


C 


ILE 




5 


-14.420 -56.640 



90.00 
.000000 
.000000 
.000000 
18.588 
19.323 
18.399 
19.090 
18.099 
17.426 
17.767 
16.153 
17.284 
17.166 
17.204 
15.822 
14.792 
13.431 
13.020 
12.585 
12.494 
12.229 
18.308 
18.456 
19.131 
20.263 
21.578 
22.765 
21.741 
22.232 
20.142 



1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 



40.95 
22.95 
14.97 
19.83 
44.28 
13.89 
12.50 
15.57 
20.71 
24.56 
22.65 
21.44 
21.56 
29.29 
32.87 
30.24 
17.82 
44.53 
14.59 
18.72 
13.45 
12.08 
15.40 
5.80 
11.66 
19.35 
8.96 
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ATOM 


28 


0 


ILE 


5 


ATOM 


29 


N 


LEU 


6 


ATOM 


30 


CA 


LEU 


6 


ATOM 


31 


CB 


LEU 


6 


ATOM 


32 


CG 


LEU 


6 


ATOM 


33 


GDI 


LEU 


6 


ATOM 


34 


CD2 


LEU 


6 


ATOM 


35 


c 


LEU 


6 


4\xVJi v l 


36 


o 


LEU 


6 




37 


N 


CYS 


7 


a TOM 




CA 


CYS 


7 


ATOM 


39 


CB 


CYS 


7 


ATOM 


40 


SG 


CYS 


7 


a TOM 


41 

* x 


c 


CYS 


7 


ATOM 


42 


o 


CYS 


7 


n TOM 


43 


N 


PHE 


8 


IVTAM 

axum 




CA 


PHE 


8 


TV TOM 


45 


CB 


PHE 


8 


TV TOM 


4 6 

■x VJ 


CG 


PHE 


8 


7ATOM 


47 


CD1 


PHE 


8 


a TOM 






PHE 


8 


TV TOM 


4 Q 


CE1 


PHE 


8 


TV TOM 




CE2 


PHE 


8 


TV TOM 


51 

«J X 


CZ 


PHE 


8 


TV TOM 


5? 


C 


PHE 


8 


7V TOM 


53 


0 


PHE 


8 


7ATOM 


54 


N 


GLY 


9 


IVTOM 
A1UW 


55 


CA 


GLY 


9 


TaTOM 


56 


C 


GLY 


9 


ATOM 


57 


0 


GLY 


9 


7ATOM 


58 


N 


ASP 


10 


71 TOM 


59 


CA 


ASP 


10 


ATOM 
r\x Vw/l v J 


60 


CB 


ASP 


10 


ATOM 


61 


CG 


ASP 


10 


ATOM 


62 


0D1 


. ASP 


10 


ATOM 


63 


0D2 ASP 


10 


ATOM 


64 


C 


ASP 


10 


ATOM 


65 


0 


ASP 


10 


ATOM 


66 


N 


SER 


11 


ATOM 


67 


CA 


SER 


11 


ATOM 


68 


CB 


SER 


11 


ATOM 


69 


OG 


SER 


11 


ATOM 


70 


C 


SER 


11 


ATOM 


71 


O 


SER 


11 


ATOM 


72 


N 


LEU 


12 


ATOM 


73 


CA 


LEU 


12 


ATOM 


74 


CB 


LEU 


12 



-13.905 -55.529 20.021 1.000 13.31 
-15.736 -56.833 20.169 1.000 13.04 
-16.675 -55.728 20.059 1.000 8.54 
-17.879 -56.087 19.178 1.000 7.42 
-18.959 -54.996 19.120 1.000 14.12 
-18.446 -53.783 18.359 1.000 12.19 
-20.245 -55.512 18.494 1.000 27.94 
-17.170 -55.293 21.436 1.000 2.72 
-17.719 -56.101 22.179 1.000 13.36 
-16.978 -54.020 21.756 1.000 1.38 
-17.472 -53.469 23.011 1.000 3.17 
-16.411 -52.582 23.667 1.000 7.01 
-14.867 -53.471 23.992 1.000 11.21 
-18.755 -52.685 22.776 1.000 0.65 
-18.756 -51.627 22.145 1.000 4.76 
-19.859 -53.228 23.281 1.000 0.00 
-21.147 -52.568 23.053 1.000 1.14 
-22.115 -53.578 22.443 1.000 5.54 
-23.421 -53.000 21.937 1.000 3.36 
-23.456 -52.212 20.800 1.000 0.89 
-24.602 -53.262 22.614 1.000 1.39 
-24.644 -51.683 20.333 1.000 0.00 
-25.793 -52.733 22.148 1.000 4.42 
-25.818 -51.944 21.0121.000 2.71 
-21.677 -51.978 24.346 1.000 4.46 
-21.873 -52.672 25.348 1.000 6.98 
-21.923 -50.666 24.384 1.000 5.61 
-22.396 -50.109 25.646 1.000 5.44 
-22.860 -48.673 25.522 1.000 5.66 
-23.229 -48.222 24.440 1.000 14.54 
-22.837 -47.964 26.641 1.000 3.89 
-23.322 -46.596 26.734 1.000 5.17 
-24.331 -46.467 27.880 1.000 2.99 
-23.807 -47.052 29.175 1.000 7.05 
-22.617 -46.829 29.494 1.000 17.93 
-24.564 -47.738 29.895 1.000 10.98 
-22.154 -45.642 26.939 1.000 5.15 
-21.022 -45.940 26.556 1.000 5.62 
-22.423 -44.497 27.554 1.000 9.02 
-21.394 -43.493 27.802 1.000 3.43 
-22.014 -42.331 28.585 1.000 7.25 
-22.640 -42.813 29.763 1.000 18.93 
-20.199 -44.046 28.561 1.000 7.58 
-19.089 -43.508 28.501 1.000 16.71 
-20.393 -45.133 29.308 1.000 6.56 
-19.264 -45.696 30.046 1.000 16.41 
-19.711 -46.759 31.042 1.000 17.05 
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ATOM 


75 


CG LEU 


12 


ATOM 


76 


CD1 LEU 


12 


ATOM 


77 


CD2 LEU 


12 


ATOM 


78 


C LEU 


12 


ATOM 


79 


O LEU 


12 


ATOM 


80 


N THR 


13 


ATOM 


81 


CA THR 


13 


ATOM 


82 


CB THR 


13 


ATOM 


83 


OG1 THR 


13 


ATOM 


84 


CG2 THR 


13 


ATOM 


85 


C THR 


13 


ATOM 


86 


O THR 


13' 


ATOM 


87 


N TRP 


14 


ATOM 


88 


CA t TRP 


14 


ATOM 


89 


CB * TRP 


14 


ATOM 


90 


CG TRP 


14 


ATOM 


91 


CD2 TRP 


14 


ATOM 


92 


CE2 TRP 


14 


ATOM 


93 


CE3 TRP 


14 


ATOM 


94 


GDI TRP 


14 


ATOM 


95 


NE1 TRP 


14 


ATOM 


96 


CK2 TRP 


14 


ATOM 


97 


CZ3 TRP 


14 


ATOM 


98 


CH2 TRP 


14 


ATOM 


99 


C TRP 


14 


ATOM 


100 


O' TRP 


14 


ATOM 


101 


N GLY 


15 


ATOM 


102 


CA GLY 


15 


ATOM * 


103 


C GLY 


15 


ATOM 


104 


O GLY 


15 


ATOM 


105 


N TRP 


16 


ATOM 


106 


CA TRP 


16 


ATOM 


107 


CB TRP 


16 


ATOM 


108 


CG TRP 


16 


ATOM 


109 


CD2 TRP 


16 


ATOM 


110 


CE2 TRP 


16 


ATOM 


111 


CE3 TRP 


16 


ATOM 


112 


CD1 TRP 


16 


ATOM 


113 


NE1 TRP 


16 


ATOM 


114 


CZ2 TRP 


16 


ATOM 


115 


CZ3 TRP 


16 


ATOM 


116 


CH2 TRP 


16 


ATOM 


117 


C TRP 


16 


ATOM 


118 


O TRP 


16 


ATOM 


119 


N VAL 


17 


ATOM 


120 


CA VAL 


17 


ATOM 


121 


CB VAL 


17 



-20.598 -46.336 
-20.866 -47.527 
-19.973 -45.184 
-18.269 -46.285 
-17.065 -46.307 
-18.828 -46.764 
-18.014 -47.347 
-18.828 -48.381 
-19.109 -49.487 
-18.033 -48.940 
-17.490 -46.245 
-16.315 -46.220 
-18.376 -45.317 
-17.992 -44.210 
-19.208 -43.329 
-18.917 -42.183 
-18.731 -40.813 
-18.483 -40.081 
-18.752 -40.147 
-18.779 -42.222 
-18.517 -40.963 
-18.255 -38.705 
-18.526 -38.783 
-18.282 -38.084 
-16.880 -43.353 
-16.107 -42.745 
-16.794 -43.283 
-15.794 -42.475 
-16.249 -41.098 
-15.480 -40.136 
-17.471 -40.952 
-17.988 -39.691 
-19.408 -39.890 
-20.139 -38.694 
-21.229 -38.008 
-21.613 -36.942 
-21.923 -38.186 
-19.927 -38.021 
-20.798 -36.973 
-22.649 -36.063 
-22.952 -37.317 
-23.306 -36.269 
-17.059 -39.154 
-16.846 -39.815 
-16.533 -37.952 
-15.750 -37.256 
-14.822 -36.191 



32.210 1.000 18.22 
33.123 1.000 7.48 
32.988 1.000 10.83 
29.048 1.000 14.99 
29.267 1.000 6.10 
27.940 1.000 14.77 
26.876 1.000 8.83 
26.080 1.000 6.87 
26.949 1.000 10.08 
24.914 1.000 16.85 
1.000 



25.970 
25.616 
25.612 
24.742 



4.56 
1.000 11.71 



1.000 5,57 
1.000 7.21 
24.453 1.000 6.90 
23.537 1.000 11.88 
23.924 1.000 13.72 
22.745 1.000 11.95 
25.152 1.000 10.63 
22.181 1.000 8.28 
1.000 
1.000 

1.000 12.55 
23.981 1.000 12.81 
25.327 1.000 5.41 
1.000 
1.000 
1.000 

1.000 10.98 
27.646 1.000 15.11 
28.255 1.000 23.34 
28.792 1.000 15.10 
29.327 1.000 6.11 



21.694 
22.763 
25.168 



24.582 
26.652 
27.318 
27.755 



7.16 
5.39 



4.90 
8.94 
4.51 



29.846 
29.213 
30.051 
28.009 
31.016 
31.154 
29.734 
27.692 
28.551 



1.78 
8.98 
7.76 
000 15.66 
000 0.35 



000 
000 
000 



000 8.35 
000 5.16 
000 5.34 
000 4.72 
29.881 1.000 7.85 
30.899 1.000 3.97 
29.685 1.000 5.45 
30.695 1.000 12.08 
30.082 1.000 17.55 
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CA 
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CD 
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17 -14.084 -35.443 

17 -13.841 -36.807 

17 -16.673 -36.565 

17 -17.390 -35.618 

18 -16.660 -37.034 
18 -15.770 -38.071 
18 -17.572 -36.501 
18 -17.201 -37.294 
18 -15.817 -37.789 
18 -17.327 -35.017 

18 -16.163 -34.619 

19 -18.381 -34.211 
19 -18.214 -32.793 
19 -18.482 -31.856 
19 -17.377 -31.995 
19 -19.850 -32.150 
19 -19.151 -32.380 

19 -20.217 -32.962 

20 -18.771 -31.351 
20 -19.662 -30.994 
20 -18.918 -30.130 
20 -18.276 -30.968 
20 -16.871 -30.487 
20 -16.143 -30.157 
20 • -16.507 -30.431 
20 -20.913 -30.294 

20 -21.964 -30.361 

21 -20.852 -29.610 
21 -22.099 -28.983 
21 ' -21.815 -27.740 
21 -21.114 -27.991 
21 -20.984 -29.159 
21 -20.685 -26.996 
21 -22.959 -29.988 

21 -23.988 -29.627 

22 -22.550 -31.250 
22 -23.279 -32.377 
22 -23.507 -32.377 

22 -23.370 -33.431 

23 -23.846 -31.235 
23 -24.265 -30.672 
23 -24.483 -29.192 
23 -23.309 -30.988 

23 -22.922 -32.189 

24 -22.847 -30.255 
24 -22.892 -28.855 
24 -22.051 -31.028 



31.185 1.000 11.59 
29.099 1.000 7.77 
31.696 1.000 13.86 
31.351 1.000 1.02 
32.936 1.000 8.38 
33.476 1.000 8.64 
33.948 1.000 9.99 
35.208 1.000 12.31 
34.954 1.000 7.46 
34.191 1.000 13.05 
34.306 1.000 18.63 
34.266 1.000 6.92 
34.585 1.000 9.29 
33.388 1.000 5.33 
32.354 1.000 6.78 
32.796 1.000 3.72 
35.710 1.000 12.02 
35.913 1.000 14.52 
36.467 1.000 17.17 
37.575 1.000 13.30 
38.595 1.000 25.34 
39.702 1.000 31.46 
40.017 1.000 35.91 
39.055 1.000 40.11 
41.210 1.000 45.47 
37.080 1.000 7.56 
37.723 1.000 11.30 
35.936 1.000 19.38 
35.471 1.000 23.47 
34.640 1.000 17.53 
33.326 1.000 14.93 
32.908 1.000 26.78 
32.694 1.000 8.74 
34.707 1.000 19.54 
34.131 1.000 22.49 
34.697 1.000 13.19 
34.166 1.000 15.71 
32.659 1.000 20.02 
32.036 1.000 23.32 
32.138 1.000 26.40 
30.873 1.000 28.79 
31.152 1.000 32.86 
29.745 1.000 22.68 
29.753 1.000 40.02 
28.748 1.000 12.97 
28.309 1.000 15.92 
27.767 1.000 5.31 
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-22.024 -30.134 26.520 1.000 4.03 
-22.002 -28.762 27.105 1.000 6.80 
-20.622 -31.273 28.222 1.000 14.45 
-20.034 -30.591 29.056 1.000 19.65 
-20.062 -32.310 27.600 1.000 13.21 
-18.685 -32.690 27.894 1.000 11.82 
-18.691 -33.772 28.987 1.000 12.19 
-17.348 -34.104 29.355 1.000 19.38 
-19.372 -35.027 28.454 1.000 0.00 
-18.009 -33.160 26.620 1.000 14.10 
-18.555 -33.019 25.518 1.000 16.46 
-16.818 -33.724 26.762 1.000 12.30 
-16.157 -34.314 25.598 1.000 13.24 
-14.909 -33.518 25.225 1.000 15.75 
-15.211 -32.066 24.873 1.000 25.45 
-15.451 -31.152 26.056 1.000 27.41 
-14.687 -31.210 27.048 1.000 22.86 
-16.416 -30.347 26.012 1.000 17.32 
-15.850 -35.775 25.891 1.000 8.80 
-16.279 -36.316 26.909 1.000 2.55 
-15.121 -36.421 25.001 1.000 13.28 
-14.783 -37.838 25.124 1.000 12.71 
-14.857 -38.447 23.726 1.000 6.07 
-14.491 -39.908 23.585 1.000 4.38 
-14.879 -40.387 22.186 1.000 11.29 
-14.974 -41.840 22.110 1.000 13.10 
-15.191 -42.517 20.992 1.000 9.74 
-15.337 -41.868 19.842 1.000 11.38 
-15.262 -43.839 21.029 1.000 0.00 
-13.413 -38.031 25.746 1.000 8.79 
-12.534 -37.181 25.579 1.000 17.59 
-13.183 -39.133 26.461 1.000 12.29 
-11.826 -39.379 26.955 1.000 9.91 
-11.783 -40.575 27.900 1.000 10.13 
-12.084 -40.263 29.355 1.000 11.54 
-11.250 -39.431 30.084 1.000 8.88 
-13.194 -40.802 29.979 1.000 11.27 
-11.535 -39.156 31.408 1.000 8.90 
-13.486 -40.533 31.305 1.000 5.41 
-12.647 -39.703 32.020 1.000 0.61 
-10.901 -39.635 25.770 1.000 11.56 
-11.370 -40.112 24.736 1.000 13.14 
-9.612 -39.349 25.896 1.000 13.02 
-8.674 -39.656 24.818 1.000 13.91 
-7.275 -39.163 25.151 1.000 6.49 
-8.662 -41.157 24.545 1.000 15.68 
-8.937 -41.954 25.446 1.000 31.74 
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-8.345 -41.537 23.314 1.000 11.44 
-7.982 -40.660 22.192 1.000 12.10 
-8.326 -42.955 22.936 1.000 18.85 
-7.822 -42.956 21.494 1.000 16.38 
-7.283 -41.593 21.244 1.000 14.74 
_ 7#386 -43.767 23.826 1.000 13.40 
-7.570 -44.969 23.979 1.000 8.18 
-6.396 -43.115 24.412 1.000 22.50 
-5.426 -43.715 25.312 1.000 26.63 
-4.170 -42.841 25.398 1.000 30.41 
-3.792 -42.143 24.108 1.000 39.21 
-2.577 -42.086 23.802 1.000 39.00 
-4.673 -41.634 23.375 1.000 37.50 
-5.985 -43.926 26.721 1.000 17.49 
-5.482 -44.784 27.450 1.000 25.27 
-6.989 -43.150 27.092 1.000 14.45 
-7.592 -43.125 28.421 1.000 12.64 
-7.966 -41.683 28.814 1.000 10.68 
-8.580 -41.609 30.199 1.000 13.66 
-6.742 -40.774 28.752 1.000 20.51 
-8.808 -44.042 28.507 1.000 9.73 
-8.890 -44.834 29.452 1.000 2.23 
-9.722 -43.964 27.553 1.000 10.63 
-10.888 -44.824 27.410 1.000 6.85 
-11.369 -44.833 25.961 1.000 16.41 
-12.281 -43.727 25.488 1.000 21.19 
-12.464 -43.806 23.974 1.000 26.66 
-11.862 -42.659 23.309 1.000 30.35 
-11.493 -42.567 22.044 1.000 31.60 
-11.658 -43.585 21.214 1.000 34.85 
-10.952 -41.433 21.610 1.000 52.70 
-10.600 -46.279 27.775 1.000 9.71 
-9.603 -46.830 27.300 1.000 16.85 
-11.450 -46.924 28.577 1.000 10.64 
-11.166 -48.311 28.952 1.000 6.46 
-12.149 -48.855 29.979 1.000 12.45 
-13.561 -49.106 29.583 1.000 6.95 
-14.104 -50.199 28.835 1.000 9.27 
-15.493 -49.986 28.723 1.000 5.43 
-13.571 -51.345 28.240 1.000 14.72 
-14.622 -48.298 29.888 1.000 4.49 
-15.786 -48.820 29.374 1.000 4.03 
-16.337 -50.864 28.050 1.000 8.19 
-14.405 -52.216 27.572 1.000 12.73 
-15.778 -51.976 27.479 1.000 8.32 
-11.111 -49.214 27.723 1.000 7.27 
-10.393 -50.222 27.767 1.000 11.53 
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263 N THR 

264 CA THR 

265 CB THR 

266 OG1 THR 

267 CG2 THR 

268 C THR 

269 O THR 

270 N GLY 

271 CA GLY 

272 C GLY 
O GLY 
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CA VAL 
CB VAL 

277 CGI VAL 

278 CG2 VAL 
C VAL 
O VAL 
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282 CA LED 

283 CB LEU 

284 CG LEU 

285 CD1 LEU 

286 CD2 LEU 
C LEU 
O LEU 
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290 CA * ALA 

291 CB ALA 
C ALA 
O ALA 
N GLN 
CA GLN 
CB GLN 
CG GLN 

298 CD GLN 

299 OE1 GLN 

300 NE2 GLN 
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-11.839 -48-887 
-11,730 -49.673 
-12.708 -49.239 
-12.629 -47.820 
-14.146 -49.549 
-10.307 -49.555 
-9.738 -50.494 
-9.756 -48.361 
-8.392 -48.056 
-7.407 -48.785 
-6.374 -49.252 
-7.686 -48.905 
-6.696 -49.577 
-6.921 -49.365 
-6.092 -50.382 
-6.577 -47.940 
-6.707 -51.081 
-5.669 -51.735 
-7.911 -51.586 
-8,094 -52.999 
-9.573 -53.266 
-9.975 -54.663 
-9.747 -55.691 
-11.425 -54.677 
-7.224 -53.347 
-6.408 -54.262 
-7.404 -52.568 
-6.603 -52.667 
-6.894 -51.487 
-5.112 -52.704 
-4.411 -53.632 
-4.653 -51.665 
-3.251 -51.553 
-2.974 -50.365 



26.659 1.000 1.15 
25.431 1.000 5.29 
24.331 1.000 3.10 
24.163 1.000 15.85 
24.726 1.000 5.16 
24.882 1.000 14.32 
24.333 1.000 12.77 
25.060 1.000 15.72 
24.689 1.000 15.87 
25.583 1.000 14.86 
25.101 1.000 22.97 
26.884 1.000 12.48 
27.728 1.000 11.76 
29.229 1.000 10.95 
30.009 1.000 0.00 
29.630 1.000 10.31 
27.471 1.000 16.75 
27.494 1.000 14.29 
27.238 1.000 14.60 
26.917 1.000 11.25 
26.660 1.000 12.92 
26.198 1.000 15.77 
27.293 1 



25.733 
25.720 
25.740 
24.659 
23.451 
22.530 



000 0.00 
000 24.28 
000 7.67 
000 13.04 



24.833 
25.744 

-3.597 -49.034 25.378 
-3.070 -47.877 
-1.998 -47.335 
-3.809 -47.475 
-2.822 -52.851 
-1.856 -53.475 
-3.563 -53.239 
-3.253 -54.423 
-4.258 -54.582 
-4.064 -53.605 
-2.788 -53.852 
-2.759 -54.650 
-1.731 -53.158 



000 9.64 
000 3.53 
000 6.32 
23.761 1.000 9.32 
23.367 1.000 28.59 
24.456 1.000 21.51 
1.000 18.93 
1.000 28.00 
1.000 37.51 
26.214 1.000 40.85 
25.933 1.000 61.34 
27.248 1.000 9.83 
25.525 1.000 10.96 
25.106 1.000 18.66 
26.552 1.000 15.02 
27.337 1.000 22.27 
28.484 1.000 16.69 
29.624 1.000 14.55 
1.000 16.86 
1.000 13.75 



30.406 
31.344 



30.008 1.000 21.79 
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-3.261 -55.694 26.493 1.000 28.40 
-2.442 -56.589 26.703 1.000 26.71 
-4.190 -55.776 25.546 1.000 28.62 
-4.373 -57.007 24.780 1.000 26.50 
-5.707 -S6.920 24.012 1.000 19.31 
-6.934 -57.122 24.914 1.000 16.32 
-8.226 -57.077 24.119 1.000 10.94 
-6.810 -58.438 25.673 1.000 15.03 
-3.217 -57.312 23.846 1.000 23.29 
-2.770 -58.457 23.728 1.000 20.82 
-2.693 -56.312 23.141 1.000 22.18 
-1.605 -56.590 22.215 1.000 18.95 
-2.086 -56.793 20.791 1.000 23.97 
-3.284 -56.838 20.514 1.000 27.50 
-1.136 -56.927 19.879 1.000 22.72 
-1.317 -57.012 18.448 1.000 24.25 
0.048 -56.939 17.755 1.000 13.44 
-2.034 -58.272 17.990 1.000 23.83 
-2.146 -58.520 16.787 1.000 17.77 
-2.524 -59.086 18.917 1.000 21.59 
-3.230 -60.298 18.495 1.000 17.80 
-2.705 -61.491 19.296 1.000 18.22 
-1.201 -61.625 19.113 1.000 24.69 
-0.710 -61.174 18.053 1.000 34.10 
-0.517 -62.159 20.007 1.000 33.14 
-4.732 -60.107 18.647 1.000 11.82 
-5.535 -60.992 18.364 1.000 23.89 
-5.097 -58.914 19.097 1.000 9.27 
-6.485 -58.519 19.253 1.000 12.25 
-6.909 -58.479 20.722 1.000 14.52 
-6.474 -59.693 21.529 1.000 11.99 
-5.160 -59.814 21.956 1.000 12.17 
-7.383 -60.690 21.846 1.000 8.34 
-4.760 -60.917 22.683 1.000 13.46 
-6.990 -61.794 22.575 1.000 6.30 
-5.680 -61.904 22.998 1.000 8.44 
-6.725 -57.149 18.615 1.000 13.30 
-5.816 -56.366 18.366 1.000 27.22 
-7.992 -56.883 18.349 1.000 12.78 
-8.469 -55.616 17.833 1.000 9.15 
-8.667 -55.644 16.325 1.000 11.20 
-8.791 -54.276 15.670 1.000 21.84 
-9.726 -54.293 14.474 1.000 25.88 
-9.575 -55.205 13.632 1.000 30.74 
-10.602 -53.408 14.388 1.000 7.59 
-9.781 -55.280 18.550 1.000 11.37 
-10.722 -56.071 18.545 1.000 11.73 
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ATOM 357 N VAL 

ATOM 358 CA VAL 

ATOM 359 CB VAL 

ATOM 360 CGI VAL 

ATOM 361 CG2 VAL 

ATOM 362 C VAL 

ATOM 363 O VAL 

ATOM 364 N ILE 

ATOM 365 CA ILE 

ATOM 366 CB ILE 

ATOM 367 CG2 ILE 

ATOM 368 CGI ILE 

ATOM 369 CD1 ILE 

ATOM 370 C ILE 

ATOM 371 O ILE 

ATOM 372 N GLU 

ATOM 373 CA GLU 

ATOM 374 CB GLU 

ATOM 375 CG GLU 
ATOM 376 CD GLU . 
ATOM 377 OE1 GLU 
ATOM 378 OE2 GLU 
ATOM 379 C GLU 
ATOM 380 O GLU 
ATOM 381 N GLU 
ATOM 382 CA GLU 
ATOM 383 CB GLU 
ATOM 384 CG GLU 
ATOM 385 CD GLU 
ATOM 386 OE1 GLU 
ATOM 387 OE2 GLU 
ATOM 388 C GLU 
ATOM 389 O GLU 
ATOM 390 N GLY 
ATOM 391 CA GLY 
ATOM 392 C GLY 
ATOM 393 O GLY 
ATOM 394 N LEU 
ATOM 395 CA LEU 
ATOM 396 CB LEU 
ATOM 397 CG LEU 
ATOM 398 CD1 LEU 
ATOM 399 CD2 LEU 
ATOM 400 C LEU 
ATOM 401 O LEU 
ATOM 402 N SER 
ATOM 403 CA SER 



1.000 
21.115 1.000 
21.773 
22.085 
18.882 
18.203 



48 -9.775 -54.103 19.160 

48 -10.954 -53.604 19.843 

48 -10.595 -52.826 

48 -11.842 -52.251 

48 -9.849 -53.732 

48 -11.745 -52.714 

48 -11.147 -51.879 

49 -13.046 -52.943 
49 -14.031 -52.170 
49 -14.879 -53.068 
49 -15.735 -52.214 
49 -14.049 -54.081 
49 -14.687 -54.559 
49 -14.930 -51.406 

49 -15.531 -52.013 

50 -15.000 -50.085 
50 -15.730 -49.277 
50 -14.967 -47.984 
50 -13.623 -48.203 
50 -12.768 -46.966 
50 -12.744 -46.077 
50 -12.079 -46.870 
50 -17.145 -48.962 

50 -17.358 -48.318 

51 -18.118 -49.429 
51 -19.524 -49.179 
51 -20.173 -50.400 
51 -19.757 -50.596 
51 -20.348 -49.531 
51 -21.352 -48.912 
51 -19.820 -49.309 
51 -20.295 -48.788 

51 -21.202 -49.495 

52 -19.906 -47.655 
52 -20.533 -47.140 
52 -21.329 -45.887 

52 -20.785 -44.950 

53 -22.607 -45.890 
53 -23.498 -44.764 
53 -24.627 -45.195 
53 -25.576 -44.164 
53 -26.721 -43.872 
53 -24.856 -42.874 
53 -24.035 -44.204 

53 -24.664 -44.920 

54 -23.771 -42.918 
54 -24.192 -42.296 



1.000 10.53 



8.11 
9.71 



1.000 15.31 
1.000 7.41 
1.000 12.72 
1.000 10.16 
18.862 1.000 13.04 
18.122 1.000 14.10 
17.203 1.000 16.77 
16.285 1.000 1.57 
16.415 1.000 18.10" 
15.133 1.000 14.33 
19.091 1.000 9.02 
19.983 1.000 15.82 
1.000 5.34 
1.000 12.03 
20.222 1.000 10.36 
20.889 1.000 7.32 
1.000 7.06 
1.000 5.78 
22.101 1.000 25.19 
19.446 1.000 6.79 
1.000 8.80 
1.000 9.34 
1.000 16.23 
19.270 1.000 15.22 
17.820 1.000 18.39 
16.917 1.000 17.99 
1.000 26.29 
1.000 15.93 
21.184 1.000 10.51 
21.623 1.000 7.29 
21.751 1.000 
22.961 1.000 
22.635 1 



18.932 
19.911 



21.056 
20.177 



18.423 
20.225 
19.924 



17.332 
15.809 



000 
000 
000 



22.057 1. 
22.989 1. 
22.710 1. 
21.792 1 
21.185 1 
22.141 1 
20.817 1 
24.023 1 
24.801 1.000 
24.251 1.000 
25.502 



5.90 
3.93 
000 6.21 
000 16.40 
000 11.68 
7.60 
4.45 
3.84 
000 15.09 
000 
000 



3.41 
5.05 
5.74 
9.85 
1.000 10.24 
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-23.797 -40.819 25.524 1.000 7.63 
-22.395 -40.683 25.640 1.000 4.65 
-25.695 -42.448 25.691 1.000 7.74 
-26.438 -42.326 24.717 1.000 10.39 
-26.127 -42.713 26.920 1.000 0.00 
-27.554 -42.749 27.218 1.000 0.00 
-28.209 -41.474 26.713 1.000 0.00 
-28.235 -43.982 26.640 1.000 6.11 
-29.442 -44.179 26.816 1.000 2.57 
-27.474 -44.843 25.971 1.000 8.50 
-27.997 -46.084 25.433 1.000 5.94 
-26.919 -46.868 24.672 1.000 0.00 
-27.420 -48.244 24.247 1.000 2.73 
-26.467 -48.951 23.307 1.000 0.00 
-26.552 -48.440 21.935 1.000 6.44 
-25.465 -48.325 21.170 1.000 11.18 
-24.283 -48.678 21.666 1.000 0.00 
-25.549 -47.861 19.928 1.000 1.13 
-28.539 -47.009 26.526 1.000 12.43 
-27.886 -47.179 27.556 1.000 10.16 
-29.697 -47.592 26.262 1.000 9.24 
-30.376 -48.548 27.120 1.000 9.36 
-31.855 -48.161 27.315 1.000 4.78 
-32.608 -48.509 26.146 1.000 3.70 
-31 992 -46.656 27.484 1.000 0.00 
-30.284 -49.953 26.532 1.000 10.18 
-29.873 -50.099 25.378 1.000 12.60 
-30.648 -50.987 27.286 1.000 5.87 
-30.574 -52.349 26.769 1.000 1.65 
-30.850 -53.410 27.853 1.000 5.35 
-32.151 -53.196 28.413 1.000 12.48 
-29.859 -53.311 29.002 1.000 11.47 
-31.556 -52.569 25.624 1.000 1.31 
-31.162 -52.902 24.506 1.000 7.78 
-32.856 -52.404 25.867 1.000 4.91 
-33.810 -52.604 24.772 1.000 11.25 
-34.150 -54.090 24.624 1.000 9.19 
-35.186 -54.548 25.629 1.000 9.50 
-35.293 -54.000 26.725 1.000 13.36 
-35.965 -55.556 25.263 1.000 4.31 
-35.070 -51.775 24.960 1.000 8.67 
-36.172 -52.160 24.574 1.000 12.75 
-34.938 -50.587 25.548 1.000 10.46 
-36.128 -49.752 25.722 1.000 10.70 
-36.572 -49.721 27.198 1.000 11.36 
-35.465 -49.223 28.112 1.000 0.00 
-37.872 -48.940 27.417 1.000 8.05 
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-38.291 -48.800 28.860 1.000 27.90 
-35.879 -48.350 25.177 1.000 16.37 
-34.813 -47.773 25.374 1.000 28.53 
-36.861 -47.811 24.470 1.000 18.37 
-36.838 -46.520 23.821 1.000 12.62 ■ 
-38.110 -46.353 22.977 1.000 12.58 
-38.111 -47.199 21.725 1.000 12.09 
-37.044 -47.723 21.349 1.000 16.37 
-39.197 -47.332 21.122 1.000 23.20 
-36.796 -45.350 24.794 1.000 11.54 
-37.626 -45.279 25.702 1.000 8.66 
-35.860 -44.428 24.603 1.000 8.03 
-35.844 -43.228 25.431 1.000 14.39 
-34.430 -42.656 25.565 1.000 13.94 
-34.384 -41.598 26.656 1.000 18.06 
-33.609 -41.768 27.622 1.000 13.05 
-35.129 -40.604 26.536 1.000 20.19 
-36.759 -42.162 24.844 1.000 13.14 
-36.506 -41.698 23.731 1.000 14.36 
-37.800 -41.751 25.553 1.000 8.49 
-38.102 -42.088 26.951 1.000 4.73 
-38.805 -40.853 24.972 1.000 16.60 
-39.802 -40.646 26.123 1.000 11.61 
-39.020 -40.960 27.352 1.000 8.04 
-38.251 -39.504 24.531 1.000 19.70 
-38.924 -38.738 23.835 1.000 10.26 
-37.024 -39.180 24.922 1.000 22.29 
-36.429 -37.908 24.534 1.000 19.30 
-35.852 -37.191 25.769 1.000 20.62 
-34.550 -37.713 26.045 1.000 30.42 
-36.718 -37.467 26.992 1.000 7.89 
-35.329 -38.087 23.497 1.000 19.22 
-34.609 -37.132 23.183 1.000 11.15 
-35.189 -39.301 22.965 1.000 15.61 
-34.139 -39.542 21.967 1.000 18.78 
-32.777 -39.286 22.605 1.000 20.50 
-31.613 -39.348 21.638 1.000 17.33 
-31.767 -39.935 20.550 1.000 19.33 
-30.538 -38.810 21.983 1.000 15.26 
-34.241 -40.945 21.382 1.000 14.84 
-33.982 -41.936 22.060 1.000 8.38 
-34.638 -41.026 20.115 1.000 15.75 
-34.896 -39.870 19.235 1.000 23.61 
-34.882 -42.301 19.441 1.000 9.14 
-35.693 -41.871 18.206 1.000 14.38 
-35.210 -40.494 17.902 1.000 16.45 
-33.621 -43.029 18.995 1.000 8.15 
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-33.695 
-32,446 
-31.209 
-30.081 
-30.162 
-29.078 
-29.378 
-28.768 
-27.756 
-29.168 
-30.728 
-29.714 
-31.389 
-30.805 
-31.052 
-30.899 
-31.285 
-29.477 
-31.299 
-30.895 
-32.139 
-32.520 
-33.807 
-34.377 
-33.732 
-35.646 
-31.406 
-31.204 
-30.697 
-29.582 
-29.911 
-29.189 
-30.982 
-31.442 
-32.688 
-31.766 
-31.565 
-32.295 
-32.687 
-33.678 
-33.023 
-31.468 
-31.568 
-30.315 
-29.070 
-28.394 
-27.124 



-44.041 
-42.557 
-43.225 
-42.211 
-41.308 
-40.228 
-39.266 
-38.115 
-37.708 
-37.347 
-44.239 
-44.887 
-44.365 
-45.057 
-44.223 
-42.707 
-41.987 
-42.333 
-46.478 
-47.092 
-47.056 
-48.457 
-48.842 
-50.172 
-51.219 
-50.164 
-49.404 
-49.617 
-49.972 
-50.854 
-52.031 
-52.293 
-52.744 
-53.885 
-54.457 
-53.565 
-54.391 
-52.371 
-52.033 
-50.870 
-49.637 
-51.730 
-51.720 
-51.505 
-51.210 
-50.029 
-49.453 



18.283 
19.404 
19.020 
18.831 
17.614 
17.713 
18.769 
19.001 
18.245 
20.010 
20.048 
19.774 
21.191 
22.335 
23.608 
23.481 
24.770 
23.090 
22.571 
23.574 
21.716 
21.927 
21.198 
21.658 
21.664 
22.057 
21.480 
20.287 
22.452 
22.212 
21.316 
20.355 
21.622 
20.843 
21.529 
19.392 
18.490 
19.121 
17.752 
17.759 
18.004 
16.884 
15.658 
17.498 
16.789 
17.478 
16.913 



1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 



000 
000 
000 
000 
000 
000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 



12.38 
11.98 
7.77 
8.16 
7.27 
11.05 
11.17 
13.35 
3.80 
9.93 
8.92 
13.65 
9.14 
13.92 
7.80 
8.78 
13.12 
3.77 
16.19 
5.21 
7.75 
6.53 
6.25 
11.70 
2.64 
10.84 
8.62 
14.61 
8.79 
1.64 
6.17 
12.06 
1.39 
5.92 
3.81 
4.67 
0.00 
3.88 
6.33 



4.05 
25.62 

7.90 
12.06 

8.51 

8.77 
10.31 
11.92 
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ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 



545 CD1 TYR 

546 CE1 TYR 

547 CD2 TYR 

548 CE2 TYR 

549 CZ TYR 

550 OH TYR 

551 C TYR 

552 O TYR 

553 N LEU 

554 CA LEU 

555 CB LEU 

556 CG LEU 

557 CD1 LEU 

558 CD2 LEU 

559 C LEU 

560 O 



561 N 

562 CD 



566 
567 



LEU 
PRO 
PRO 

563 CA PRO 

564 CB 

565 CG 
C 
O 

568 N 

569 CA SER 

570 CB SER 

571 OG SER 

572 C SER 

573 O 

574 N 

575 CA CYS 

576 CB CYS 
SG CYS 
C 
O 
N 

581 CA LEU 

582 CB LEU 

583 CG LEU 

584 CD1 LEU 

585 CD2 LEU 
C LEU 
O LEU 
N ALA 

589 CA ALA 

590 CB ALA 

591 C ALA 



577 
578 
579 
580 



PRO 
PRO 
PRO 
PRO 
SER 



SER 
CYS 



CYS 
CYS 
LEU 



586 
587 
588 



73 -27.113 -48.329 

73 -25.931 -47.812 

73 -25.888 -50.018 

73 -24.704 -49.512 

73 -24.727 -48.398 

73 -23.544 -47.902 

73 -28.148 -52.419 

73 -27.404 -52.630 

74 -28.172 -53.261 
74 -27.204 -54.342 
74 -27.554 -55.155 
74 -26.402 -55.532 
74 -26.786 -56.729 
74 -25.137 -55.819 
74 • -27.088-55.253 

74 -25.980 -55.383 

75 -28.141 -55.907 
75 -29.553 -55.794 
75 -27.965 -56.896 
75 -29.384 -57.401 
75 -30.158 -57.063 
75 -27.364 -56.285 

75 -26.651 -56.971 

76 -27.640 -55.014 
76 -27.050 -54.322 
76 -27.758 -52.978 
76 -29.120 -53.249 
76 -25.554 -54.127 

76 -24.767 -54.280 

77 -25.202 -53.802 
77 -23.851 -53.599 
77 -23.878 -53.202 
77 -22.325 -52.508 
77 . -22.962 -54.831 

77 -21.828 -54.700 

78 -23.455 -55.996 
78 -22.751 -57.268 
78 -23.617 -58.387 
78 -23.777 -58.354 
78 -24.866 -59.319 
78 -22.451 -58.676 
78 -22.385 -57.650 

78 -21.222 -57.855 

79 -23.407 -57.748 
79 -23.297 -58.022 
79 -24.699 -58.042 
79 -22.393 -57.026 



16.090 1.000 8.49 
15.586 1.000 1.47 



17.201 1.000 10.36 



,000 
.000 



,000 



16.703 
15.890 
15.391 
16.730 
15.764 
17.759 

17.901 1.000 
19.155 1.000 
20.080 
20.939 
19.288 

16.687 1.000 
16.141 1.000 
16.219 
16.615 

15.140 1.000 
14.855 1.000 
16.086 1.000 
13.882 1.000 
13.158 1.000 
13.615 1.000 
12.473 1.000 
12.261 1.000 
11.920 1.000 
12.674 1.000 
11.740 
13.911 
14.384 



9.07 
5.36 
000 10.80 
000 13.31 
000 10.40 
8.99 
7.76 
9.47 
1.000 10.36 



1.000 
1.000 



1.000 25.33 
1.000 13.92 
5.72 
7.01 
6.99 
1.55 
7.57 
5.01 
6.27 
4.16 
4.35 
6.22 
0.00 
0.00 
0.00 
0.69 
4.06 
2.82 
2.99 
0.00 



000 
000 
000 



15.868 1.000 
16.451 1.000 8.78 
14.225 1.000 13.77 
13.755 1.000 12.12 
14.621 1.000 15.71 
14.538 1.000 10.13 
15.129 1.000 
16.651 1.000 
17.085 1.000 

17.330 1.000 

13.106 1.000 

12.761 1.000 12.55 

12.271 1.000 11.93 

10.848 1.000 

10.255 1.000 

10.127 1.000 



2.73 
7.98 
3.36 
8.53 
9.88 



2.98 
0.32 
7.73 
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ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 



O ALA 
N THR 
CA THR 
CB THR 

596 OG1 THR 

597 CG2 THR 
C THR 
O THR 

600 N HIS 

601 CA HIS 

602 CB HIS 
CG HIS 
CD2 HIS 

605 ND1 HIS 

606 CE1 HIS 

607 NE2 HIS 
C HIS 
O HIS 

610 N LEU 

611 CA LEU 

612 CB LEU 

613 CG LEU 

614 CD1 LEU 

615 CD2 LEU 
C LEU 
O LEU 

618 N PRO 

619 CD PRO 

620 CA PRO 
CB PRO 



592 
593 
594 
595 



598 
599 



603 
604 



608 
609 



616 
617 



621 

622 CG 

623 C 



624 
625 



O 
N 



PRO 
PRO 
PRO 
LEU 



626 CA LEU 

627 CB LEU 

628 CG LEU 

629 CD1 LEU 

630 CD2 LEU 
C LEU 
O LEU 

633 N ASP 

634 CA ASP 

635 CB ASP 

636 CG ASP 

637 ODl ASP 

638 OD2 ASP 



631 
632 



79 -?21.724 -57.408 

80 -22.337 -55.774 
80 -21.427 -54.757 
80 -21.703 -53.373 
80 -23.013 -52.897 
80 -20.722 -52.328 
80 -19.970 -55.117 

80 -19.103 -55.052 

81 -19.659 -55.512 
81 -18.282 -55.720 
81 -18.119 -55.195 
81 -18.279 -53.704 
81 -19.202 -52.927 
81 -17.404 -52.833 
81 -17.775 -51.589 
81 -18.867 -51.616 
81 -17.827 -57.166 

81 -16.674 -57.460 

82 -18.689 -58.081 
82 -18.257 -59.461 
82 -19.399 -60.263 
82 -20.535 -60.716 
82 -21.388 -61.774 
82 -19.987 -61.246 
82 -17.042 -59.500 

82 -16.972 -58.722 

83 -16.056 -60.360 
83 -14.823 -60.374 
83 -16.043 -61.394 
83 -14.941 -62.341 
83 -13.968 -61.405 
83 -15.638 -60.922 

83 -14.716 -60.125 

84 -16.319 -61.434 
84 -16.009 -61.132 
84 -17.165 -60.373 
84 -17.485 -59.010 
84 -18.843 -58.518 
84 -16.382 -58.019 
84 -15.734 -62.386 

84 -16.299 -63.447 

85 -14.879 -62.247 
85 -14.607 -63.332 
85 -13.093 -63.433 
85 -12.338 -63.789 
85 -12.343 -64.975 
85 -11.739 -62.878 



9.163 1.000 13.15 
10.560 1.000 10.93 
10.044 1.000 6.56 
10.669 1.000 9.10 
10.320 1.000 4.47 
10.148 1.000 8.02 
10.317 1.000 10.87 
9.450 1.000 12.66 
11.548 1.000 13.90 
11.978 1.000 13.04 
13.418 1.000 15.15 
13.502 1.000 10.10 
14.111 1.000 6.25 
12.889 1.000 7.20 
13.117 1.000 7.73 
13.863 1.000 6.24 
11.896 1.000 9.61 
12.216 1.000 10.35 
11.470 1.000 4.74 



000 



11.247 1 

10.631 1 

11.541 1 

10.851 1 

12.856 1 

10.337 1 

9.375 1.000 
10.556 1.000 
9.731 1.000 
11.583 1.000 
11.067 1.000 
10.415 1.000 



6.06 
6.90 
6.83 
000 11.79 
000 23.45 
6.51 



000 
.000 
.000 



1.45 
7.15 
0.00 
5.44 
9.33 
7.09 



12.973 1.000 10.31 
13.110 1.000 16.21 
13.994 1.000 14.34 
15.382 1.000 10.66 
16.049 1.000 7.23 
15.434 1.000 2.01 
15.902 1.000 8.19 
15.766 1.000 5.93 
16.203 1.000 7.34 
15.945 1.000 8.40 
17.208 1.000 8.68 
18.146 1.000 10.21 
18.382 1.000 15.96 
17.117 1.000 11.01 
16.727 1.000 9.49 
16.518 1.000 28.18 
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10 



15 



20 
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ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM' 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
. ATOM 
* ATOM 
. ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 



639 C 

640 O 

641 N 



ASP 
ASP 
LEU 



642 CA LEU 

643 CB LEU 

644 CG LEU 

645 CD1 LEU 

646 CD2 LEU 

647 C LEU 

648 O LEU 

649 N VAL 

650 CA VAL 

651 CB VAL 

652 CGI VAL 

653 CG2 VAL 

654 C VAL 

655 O VAL 

656 N ILE 

657 CA ILE 

658 CB ILE 

659 CG2 ILE 

660 CGI ILE 

661 CD1 ILE 

662 C ILE 

663 O ILE 

664 N ILE 

665 CA ILE 

666 CB ILE 

667 CG2 ILE 

668 CGI ILE 

669 CD1 ILE 

670 C ILE 

671 O ILE 

672 N MET 

673 CA MET 

674 CB MET 

675 CG MET 

676 XD MET 

677 CE MET 

678 C 

679 O 



680 N 



MET 
MET 
LEU 



681 CA LEU 

682 CB LEU 

683 CG LEU 

684 CD1 LEU 

685 CD2 LEU 



1. 
1, 
1 
1 
1 
1 
1 



24,151 
24.850 
21.221 
20.649 
21.842 
22.049 
21.413 

21.722 1.000 
19.911 1.000 
23.551 
24.289 
24.010 1.000 
25.400 1.000 
25.938 1.000 



85 -15.313 -63.142 19.477 

85 -15.778 -64.067 20.137 

86 -15.414 -61.907 19.958 
86 -16.080 -61.695 21.243 
86 -15.085 -61.690 
86 -15.655 -61.580 
86 -16.562 -62.757 
86 -14.535 -61.477 
86 -16.841 -60.374 

86 -16.327 -59.409 

87 -18.013 -60.361 
87 -18.752 -59.127 
87 -20.150 -59.126 
87 -20.848 -57.808 
87 -20.104 -59.352 
87 -18.893 -58.869 

87 -19.472 -59.660 

88 -18.351 -57.746 
88 -18.499 -57.336 
88 -17.233 -56.652 
88 -17.458 -56.098 
88 -16.001 -57.559 
88 -14.734 -56.856 
88 -19.693 -56.394 

88 -19.817 -55.458 

89 -20.574 -56.672 
89 -21.765 -55.857 
89 -23.052 -56.635 
89 -24.253 -55.703 
89 -22.981 -57.390 
89 -24.250 -58.111 
89 -21.861 -55.340 

89 -22.169 -56.106 

90 -21.590 -54.049 
90 -21.808 -53.359 
90 -20.535 -52.721 
90 -20.756 -52.097 
90 -19.202 -51.706 
90 -18.544 -50.475 
90 -22.872 -52.262 

90 -22.524 -51.143 

91 -24.108 -52.639 
91 -25.292 -51.802 
91 -26.114 -52.105 
91 -25.573 -51.564 
91 -26.427 -52.046 
91 -25.506 -50.044 



,000 
,000 
.000 
.000 



0.00 
5.48 
7.62 
8.84 



22.403 1.000 12.15 
23.822 1.000 13.98 



000 7.12 



000 10.28 
000 
000 

,000 
.000 
.000 



6.69 
8.05 
4.26 
2.21 
8.44 
2.51 



.000 
.000 



0.00 
7.05 
5.76 
7.24 
6.18 
6.54 



27.333 1.000 11.40 
6.21 
7.20 
4.68 



25.902 1.000 
26.339 1.000 
25.506 1.000 
24.716 1.000 10.14 
26.457 1.000 7.74 
26.645 1.000 12.20 
26.306 1.000 12.51 
26.339 1.000 11.52 
24.979 1.000 6.47 
24.597 1.000 8.71 
28.078 1.000 11.05 
28.989 1.000 3.02 
28.236 1.000 7.01 
29.492 1.000 11.48 
30.043 1.000 9.27 
31.415 1.000 10.33 
32.246 1.000 17.92 
31.124 1.000 12.70 
29.325 1.000 12.90 
28.954 1.000 0.00 
29.604 1.000 8.70 
29.511 1.000 10.58 
28.254 1.000 9.42 
26.932 1.000 4.10 
25.772 1.000 0.00 
26.961 1.000 2.02 
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ATOM 


686 


C 


LEU 


91 


-26.169 


-52.031 


30.734 


1.000 


2.21 


ATOM 


687 


0 


LEU 


91 


-25.989 


-53.066 


31.388 


1.000 


10.59 


ATOM 


688 


N 


GLY 


92 


-27.087 


-51.117 


31.025 


1.000 


4.69 


ATOM 


689 


CA 


GLY 


92 


-27.963 


-51.321 


32.172 


1.000 


7.16 


ATOM 


690 


C 


GLY 


92 


-28.189 


-50.092 


33.027 


1.000 


0.00 


ATOM 


691 


O 


GLY 


92 


-29.266 


-49.924 


33.603 


1.000 


8.09 


ATOM 


692 


N 


THR 


93 


-27.204 


-49.219 


33.133 


1.000 


0.16 


ATOM 


693 


CA 


THR 


93 


-27.241 


-48.005 


33.929 


1.000 


9.42 


ATOM 


694 


CB 


THR 


93 


-25.927 


-47.205 


33.768 


1.000 


17.05 


ATOM 


695 


OG1 


THR 


93 


-24.811 


-48.063 


34.024 


1.000 


26.81 


ATOM 


696 


CG2 


THR 


93 


-25.847 


-46.068 


34.778 


1.000 


0.34 


ATOM 


697 


C 


THR 


93 


-28.386 


-47.075 


33.551 


1.000 


9.26 


ATOM 


698 


O 


THR 


93 


-29.037 


-46.491 


34.419 


1.000 


14.18 


ATOM 


699 


N 


ASN 


94 


-28.614 


-46.927 


32.250 


1.000 


0.69 


ATOM 


700 


CA 


ASN 


94 


-29.609 


-45.981 


31.755 


1.000 


5.12 


ATOM 


701 


CB 


ASN 


94 


-29.333 


-45.677 


30.274 


1.000 


9.42 


ATOM 


702 


CG 


ASN 


94 


-27.990 


-44.983 


30.120 


1.000 


10.74 


ATOM 


703 


OD1 


ASN 


94 


-27.67 9 


-44.062 


30.873 


1 .000 


21.66 


ATOM 


704 


ND2 


ASN 


94 


-27.175 


-45.417 


29.174 


1.000 


18.23 


ATOM 


705 


C 


ASN 


94 


-31.029 


-46.481 


31.986 


1.000 


5.80 


ATOM 


706 


O 


ASN 


94 


-31.889 


-45.654 


32.317 


1.000 


4.04 


ATOM 


707 


N 


ASP 


95 


-31.282 


-47.777 


31.863 


1.000 


4.02 


ATOM 


708 


CA 


ASP 


95 


-32.568 


-48.411 


32.137 


1.000 


7.86 


ATOM 


709 


CB 


ASP 


95 


-32.522 


-49.913 


31.880 


1.000 


5.49 


ATOM 


710 


CG 


ASP 


95 


-32.090 


-50.392 


30.521 


1.000 


10.09 


ATOM 


711 


OD1 


ASP 


95 


-30.998 


-50.021 


30.040 


1.000 


16.22 


ATOM 


712 


OD2 


ASP 


95 


-32.843 


-51.184 


29.907 


1.000 


15.98 


ATOM 


713 


C 


ASP 


95 


-33.020 


-48.208 


33.591 


1.000 


9.17 


ATOM 


714 


O 


ASP 


95 


-34.188 


-48.361 


33.958 


1.000 


0.43 


ATOM 


715 


N 


THR 


96 


-32.051 


-47.882 


34.421 


1.000 


11.45 


ATOM 


716 


CA 


THR 


96 


-32.122 


-47.529 


35.823 


1.000 


16.75 


ATOM 


717 


CB 


THR 


96 


-30.697 


-47.638 


36.412 


1.000 


24.78 


ATOM 


718 


OG1 


THR 


96 


-30.607 


-48.784 


37.274 


1.000 


17.62 


ATOM 


719 


CG2 


THR 


96 


-30.350 


-46.409 


37.229 


1.000 


12.12 


ATOM 


720 


C 


THR 


96 


-32.697 


-46.132 


35.997 


1.000 


12.12 


ATOM 


721 


O 


THR 


96 


-33.047 


-45.678 


37.088 


1.000 


10. 94 


ATOM 


722 


N 


LYS 


97 


-32.820 


-45.406 


34.883 


1.000 


12.18 


ATOM 


723 


CA 


LYS 


97 


-33.387 


-44.060 


34.954 


1.000 


14.27 


ATOM 


724 


CB 


LYS 


97 


-33.247 


-43.336 


33.620 


1.000 


13.25 


ATOM 


725 


CG 


LYS 


97 


-31.996 


-42.477 


33.500 


1.000 


11.50 


ATOM 


726 


CD 


LYS 


97 


-31.819 


-41.935 


32.086 


1.000 


3.08 


ATOM 


727 


CE 


LYS 


97 


-30.344 


-41.856 


31.717 


1.000 


0.00 


ATOM 


728 


NZ 


LYS 


97 


-30.131 


-41.152 


30.416 


1.000 


0.00 


ATOM 


729 


C 


LYS 


97 


-34.848 


-44.112 


35.403 


1.000 


12.44 


ATOM 


730 


O 


LYS 


97 


-35.636 


-44.914 


34.911 


1.000 


8.04 


ATOM 


731 


N 


ALA 


98 


-35.179 


-43.246 


36.355 


1.000 


11.97 


ATOM 


732 


CA 


ALA 


98 


-36.454 


-43.218 


37.047 


1.000 


4.97 
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ATOM 


733 


CB 


AT. A 


t\. 1 wL i 


734 




ALA 


aium 


f JJ 




ALA 


A1UM 


/ JO 




TYR 


A1UM 


7*37 


PA 


TYR 


AlOM 


/ JO 




TYR 


AlOM 


7^Q 


pg 


TYR 

X Xi\ 


TV fP/"Muf 


7 AH 




TYR 
x x tv 


AlOM 


7 A 1 

/ fk X. 


PF1 


TYR 


TV m/~\\A 
ATOM 


/ ft 


pn9 


TYR 


ATOM 


/ *± -D 


PF9 


TYR 
x x rv. 


ATOM 


1AA 


P7. 


TYR 

X X ex. 


ATOM 


/ *i D 


OH 


TYR 


ATOM 


1 A (\ 


r« 


TYR 


ATOM 


7 A~1 




TYR 

X X XX 


ATOM 


1 A Q 


IN 


PHR 
rnc« 


ATOM 


7 /l Q 


PA 


pup 


ATOM 


/on 




PHP! 

XT flu 


ATOM 


TCI 

/Ol 




PHI? 


ATOM 


/ 




XT flUl 


ATOM 




pn9 


PHE* 


ATOM 


754 


CE1 


PHE 


ATOM 


755 


CE2 


PHE 


ATOM 


756 


CZ 


PHE 


ATOM 


757 


C 


PHE 


ATOM 


758 


0 


PHE 


ATOM 


759 


N 


ARG 


ATOM 


760 


CA 


ARG 


ATOM 


761 


CB 


ARG 


ATOM 


762 


CG 


ARG 


ATOM 


763 


CD 


ARG 


ATOM 


764 


NE 


ARG 


ATOM 


765 


CZ 


ARG 



ATOM 766 NH1 ARG 

ATOM 767 NH2 ARG 

ATOM 768 C ARG 

ATOM 769 0 ARG 

ATOM 770 N ARG 

ATOM 771 CA ARG 

ATOM 772 CB ARG 

ATOM 773 CG ARG 

ATOM 774 CD ARG 

ATOM 775 NE ARG 

ATOM 77 6 CZ ARG 

ATOM 777 NH1 ARG 

ATOM 778 NH2 ARG 

ATOM 779 C ARG 



98 


-36,522 - 


•41.982 


98 


-37.641 - 


•43.246 


98 


-38,651 - 


-43.905 


99 


-37.535 - 


•42.518 


99 


-38.695 - 


-42.403 


99 


-38.521 - 


-41.297 


99 


-37.300 - 


-41.251 


99 


-37.261 - 


-41.912 


99 


-36.144 - 


-41.874 


99 


-36.173 - 


-40.533 


99 


-35.051 - 


-40.482 


99 


-35.044 • 


-41.154 


99 


-33.925 • 


-41.102 


99 


• -38.990 • 


-43.726 


99 


-40*121 


-43.927 


100 


-37.993 


-44.606 


100 


-38.237 


-45.908 


100 


-36.903 


-46.556 


100 


-36.316 


-45.980 


100 


-35.018 


-45.506 


100 


-37 .080 


-45.919 


100 

x \j \J 


-34.489 


-44.981 


100 


-36.557 


-45.398 


100 


-35.260 


-44.925 


100 


-39.051 


-46.829 


100 


-39.711 


-47.750 


101 


-39.032 


-46. 629 


.101 


-39.783 


-47.468 


101 


-41.294 


-47.296 


101 


-41.890 


-45.959 


101 


-43.376 


-45.918 


101 


-43.818 


-44.553 


101 


-43.797 


-43.583 


101 


-43.355 


-43.839 


101 


-44.206 


-42.361 


101 


-39.472 


-48.955 


101 


-40.376 


-49.782 


102 


-38.238 


-49.319 


102 


-37.887 


-50.733 


102 


-36.899 


-50.962 


102 


-37.497 


-50.805 


102 


-36.518 


-51.198 


102 


-37.140 


-51.842 


102 


-36.540 


-52.606 


102 


-35.240 


-52.877 


102 


-37.232 


-53.131 


102 


-37.320 


-51.275 



PCT/US2004/040438 



37.943 1.000 3.36 
36.100 1.000 12.00 
36.355 1.000 22.61 
34.988 1.000 12.39 
34.107 1.000 7.25 
33.087 1.000 9.11 
32.217 1.000 15.58 
30.995 1.000 13.09 
30.186 1.000 9.06 
32.598 1.000 14.48 
31.796 1.000 15.13 
30.591 1.000 11.74 
-29.794 1.000 6.20 
33.413 1.000. 11.25 
32.963 1.000 12.89 
33.351 1.000 4.63 
32.731 1.000 1.01 
32.348 1.000 3.41 
31.070 1.000 11.77 
31.032 1.000 '7.50 
29.917 1.000 16.94 

29.868 1.000 7.31 
28.748 1.000 12.92 
28.722 1.000 7.58 
33.628 1.000 6.94 
33.131 1.000 9.31 
34.943 1.000 12.10 

35.869 1.000 12.96 
35.695 1.000 16.21 
36.087 1.000 19.51 
35.740 1.000 25.82 
35.466 1.000 31.88 
36.373 1.000 33.97 
37.599 1.000 43.49 
36.067 1.000 44.85 
35.704 1.000 12.20 
35.878 1.000 12.48 
35.378 1.000 8.86 
35.264 1.000 11.00 
34.115 1.000 6.96 
32.720 1.000 9.64 
31.624 1.000 8.07 
30.474 1.000 4.64 
29.571 1.000 7.34 
29.628 1.000 1.45 
28.567 1.000 6.11 
36.577 1.000 11.09 



423 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 



ATOM 780 O ARG 102 

ATOM 781 N THR 103 

ATOM 782 CA THR 103 

ATOM 783 CB THR 103 

ATOM 784 OG1 THR 103 

ATOM 785 CG2 THR 103 

ATOM 78 6 C THR 103 

ATOM 787 O THR 103 

ATOM 788 N PRO 104 

ATOM 789 CD PRO 104 

ATOM 790 CA PRO 104 

ATOM 791 CB PRO 104 

ATOM 792 CG PRO 104 

ATOM 793 C PRO- 104 

ATOM 794 O PRO 104 

ATOM 795 N LEU 105 

ATOM 796 CA LEU 105 

ATOM 797 CB LEU 105 

ATOM 798 CG LEU 105 

ATOM 799 CD1 LEU 105 

ATOM 800 CD2 LEU 105. 

ATOM 801 C LEU 105 

ATOM 802 O LEU 105 

ATOM 803 N ASP 106 

ATOM 804 CA ASP 106 

ATOM 805 CB ASP 106 

ATOM 806 CG* ASP 106 

ATOM 807 OD1 ASP 106 

ATOM 808 OD2 ASP 106 

ATOM 809 C ASP 106 

ATOM 810 O ASP 106 

ATOM 811 N ILE 107 

ATOM 812 CA ILE 107 

ATOM 813 CB ILE 107 

ATOM 814 CG2 ILE 107 

ATOM 815 CGI ILE 107 

ATOM 816 CD1 ILE 107 

ATOM 817 C ILE 107 

ATOM 818 O ILE 107 

ATOM 819 N ALA 108 

ATOM 820 CA ALA 108 

ATOM 821 CB ALA 108 

ATOM 822 C ALA 108 

ATOM 823 O ALA 108 

ATOM 824 N LEU 109 

ATOM 825 CA LEU 109 

' ATOM 826 CB LEU 109 



-36.734 -50.567 
-37.497 -52.573 
-36.898 -53.307 
-37.844 -54.376 
-38.083 -55.384 
-39.199 -53.771 
-35.618 -53.966 
-35.409 -53.986 
-34.765 -54.474 
-34.799 -54.363 
-33.598 -55.230 
-32.968 -55.748 
-33.402 -54.759 
-34.010 -56.400 
-33.251 -56.728 
-35.164 -56.994 
-35.690 -58.071 
-36.989 -58.642 
-37.304 -60.122 
-38.804 -60.319 
-36.533 -60.744 
-35.923 -57.566 
-35.415 -58.168 
-36.686 -56.484 
-36.922 -55.878 
-37.636 -54.538 



37.394 1.000 10.02 
36.785 1.000 11.01 
37.893 1.000 12.65 
38.462 1.000 7.64 
37.468 1.000 11.29 
1.000 15.33 



38.790 
37.390 
36.173 
38.264 
39.731 
37.803 
39.094 
40.129 
36.911 
35.998 
37.173 



-39.046 
-39.726 



-54.638 
-55.653 



000 10.55 
000 9.17 
000 10.17 
,000 14.03 
6.81 



-39.479 -53.686 
-35.607 -55.668 
-35.504 -55.987 
-34.614 -55.131 
-33.321 -54.814 
-32.444 -54.016 
-31.125 -53.622 
-33.146 -52.790 
-32.174 -51.779 
-32.564 -56.059 
-31.877 -56.024 
-32.691 -57.148 
-32.021 -58.398 
-32.089 -59.399 
-32.637 -59.018 
-31.952 -59.619 
-33.956 -58.864 
-34.609 -59.401 
-36.125 -59.391 



000 

000 5.25 
000 8.07 
000 5.89 
000 5.49 
000 2.55 
36.341 1.000 10.27 
36.890 1.000 11.51 
36.695 1.000 16.39 
36.480 1.000 4.05 
35.542 1.000 15.49 
34.915 1.000 14.30 
33.969 1.000 14.22 
34.791 1.000 11.11 
33.482 1.000 8.08 
33.621 1.000 14.02 
34.152 1.000 13.88 
33.875 1.000 19.94 
34.843 1.000 4.29 
32.734 1.000 7.79 
31.554 1.000 10.52 
33.438 1.000 5.00 
32.845 1.000 6.63 
33.828 1.000 14.49 
33.184 1.000 7.24 



34.415 
34.992 
32.405 
31.381 
33.157 
32.812 



000 16.93 
,000 19.38 



,000 
,000 
.000 
.000 



5.12 
4.80 
5.34 
4.25 



33.956 1.000 



31.568 
30.738 



1.000 



49 
89 



1.000 11.68 



31.449 1.000 0.00 
30.251 1.000 6.18 
30.435 1.000 12.37 
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ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 



830 
831 
832 



848 
849 



LEU 
GLY 



GLY 
MET 



MET 
MET 



MET 
SER 



827 CG LEU 

828 CD1 LEU 

829 CD2 LEU 
C LEU 
O 
N 

833 CA GLY 

834 C GLY 

835 O 

836 N 

837 CA MET 

838 CB MET 

839 CG 

840 XD 

841 CE MET 

842 C MET 

843 O 

844 N 

845 CA SER 

846 CB SER 

847 OG SER 
C SER 
O SER 

850 N VAL 

851 CA VAL 

852 CB VAL 

853 CGI VAL 

854 CG2 VAL 
C ' VAL 
O 
N 

858 CA LEU 

859 CB LEU 

860 CG LEU 

861 CD1 LEU 

862 CD2 LEU 
C LEU 
O 

865 N 

866 CA VAL 

867 CB VAL 

868 CGI VAL 

869 CG2 VAL 
C VAL 
O VAL 

872 N THR 

873 CA THR 



855 
856 
857 



863 
864 



VAL 
LEU 



LEU 
VAL 



870 
871 



109 -36,674 -60.463 

109 -37.985 -60.004 

109 -36.854 -61.794 

109 -34.171 -58.620 

109 -34.035 -59.139 

110 -33.918 -57.323 
110 -33.426 -56.535 
110 -32.028 -56.976 

110 -31.757 -57.155 

111 -31.149 -57.149 
111 -29.812 -57.661 
111 -28.962 -57.717 
111 -27.663 -58.503 
111 -26.456 -57.694 
111 -25.895 -56.355 
111 -29.915 -59.066 

111 -29.098 -59.476 

112 -30.937 -59.795 
112 -31,140 -61.133 
112 -32.322 -61.821 
112 -33.488 -61.744 
112 -31.341 -61.034 

112 -30.761 -61.823 

113 -32.142 -60.065 
113 -32.424 -59.788 
113 -33.414 -58.615 
113 -33.350 -57.979 
113 -34.830 -59.090 
113 -31.149 -59.490 

113 -31.027 -59.900 

114 -30.199 -58.791 
114 -28.948 -58.431 
114 -28.220 -57.329 
114 -28.938 -55.983 
114 -28.122 -54.973 
114 -29.228 -55.450 
114 -28.018 -59.628 

114 -27.310 -59.762 

115 -28.028 -60.503 
115 -27.223 -61.717 
115 -27.202 -62.383 
115 -26.501 -63.729 
115 -26.543 -61.439 
115 -27.763 -62.685 

115 -27.007 -63.390 

116 -29.087 -62.715 
116 -29.688 -63.617 



31.386 1.000 15.66 
32,001 1.000 27.44 
30.672 1.000 3.14 
29.022 1.000 10.30 
27.915 1.000 18.00 



29.193 1.000 11.78 
28.069 1.000 8.26 
27.666 1.000 7.06 
26.482 1.000 18.68 
28.651 1.000 5.04 
28.414 1.000 4.52 
29.683 1.000 1.61 
29.542 1.000 0.00 
28.453 1.000 16.83 
29.497 1.000 5.08 
27.821 1.000 6.40 
27.005 1.000 8.66 
28.270 1.000 9.55 
27.731 1.000 8.05 
28.405 1.000 10.37 
27.609 1.000 8.11 
26.217 1.000 6.07 
25.471 1.000 9.26 
25.803 1.000 4.80 
. 24.401 1.000 9.22 
24.266 1.000 9.35 
22.886 1.000 0.53 
24.567 1.000 15.43 
23.616 1.000 18.19 
22.456 1.000 17.08 
24.235 1.000 16.22 
23.570 1.000 



9.05 

24.341 1.000 4.93 

24.427 1.000 6.23 

25.221 1.000 8.47 

23.032 1.000 0.00 

23.407 1.000 5.15 

22.410 1.000 8.05 

24.403 1.000 5.78 

24.373 1.000 8.93 

25.762 1.000 8.05 

25.720 1.000 0.00 

26.759 1.000 0.00 

23.330 1.000 9.50 

22.662 1.000 9.58 

23.179 1.000 8.15 

22.199 1.000 8.38 
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ATOM 874 CB THR 

ATOM 875 OG1 THR 

ATOM 876 CG2 THR 

ATOM 877 C THR 

ATOM 878 O THR 

ATOM 879 N GLN 

ATOM 880 CA GLN 

ATOM 881 CB GLN 

ATOM 882 CG GLN 

ATOM 883 CD GLN 

ATOM 884 OE1 GLN 

ATOM 885 NE2 GLN 

ATOM 886 C GLN 

ATOM 887 O GLN 

ATOM 888 N VAL 

ATOM 889 CA VAL 

ATOM 890 CB VAL 

ATOM 891 CGI VAL 

ATOM 892 CG2 VAL 

ATOM 893 C VAL 

ATOM 894 O VAL 

ATOM 895 N LEU 

ATOM 896 CA LEU 

ATOM 897 CB LEU 

ATOM 898 CG LEU 

ATOM 899 CD1 LEU 

ATOM 900 CD2 LEU 

ATOM 901 C LEU 

ATOM 902 O LEU 

ATOM 903 N THR 
ATOM 904 CA THR 
ATOM 905 CB THR 
ATOM 906 OG1 THR 
ATOM 907 CG2 THR 
ATOM 908 C THR 
ATOM 909 O THR 1 
ATOM 910 N SER 
ATOM 911 CA SER 
ATOM 912 CB SER 
ATOM 913 OG SER 
ATOM 914 C SER 
ATOM 915 O SER 
ATOM 916 N ALA 
ATOM 917 CA ALA 
ATOM 918 CB ALA 
ATOM 919 C ALA 
ATOM 920 O ALA 



116 -31.222 -63.622 

116 -31.575 -64.207 

116 -31.848 -64.479 

116 -29.316 -63.241 

116 -29.011 -64.127 

117 -29.345 -61.945 
117 -28.956 -61.430 
117 -29.166 -59.920 
117 -30.592 -59.440 
117 -30.699 -57.933 
117 -29.801 -57.260 
117 -31.811 -57.376 
117 -27.499 -61.761 

117 -27.105 -62.023 

118 -26.652 -61.751 
118 -25.258 -62.146 
118 -24.340 -61.768 
118 -22.892 -62.118 
118 -24.452 -60.291 
118 -25.166 -63.652 

118 -24.354 -64.107 

119 -25.993 -64.431 
119 -25.916 -65.885 
119 -26.679 -66.572 
119 -25.981 -66.556 
119 -26.800 -67.296 
119 -24.580 -67.150 
119 -26.446 -66.362 

119 -26.022 -67.409 

120 -27.364 -65.608 
120 -27.964 -65.985 
120 -29.497 -65.798 
120 -29.805 -64.405 
120 -30.121 -66.535 
120 -27.419 -65.198 

120 -28.061 -65.190 

121 -26.272 -64.533 
121 -25.774 -63.675 
121 -25.000 -62.487 
121 -23.826 -62.954 
121 -24.852 -64.353 

121 -24.360 -63.660 

122 -24.603 -65.645 
122 -23.748 -66.370 
122 -23.820 -67.868 
122 -24.124 -66.083 
122 -25.311 -66.050 



22.327 1.000 12.50 
23.585 1.000 13.40 
21.233 1.000 10.82 
20.771 1.000 5.56 
19.966 1.000 5.27 
20.473 1.000 8.17 
19.160 1.000 '9.93 
19.080 1.000 3.66 
19.279 1.000 6.21 
19.390 1.000 7.09 
19.896 1.000 12.85 
18.914 1.000 7.39 
18.847 1.000 11.60 
17.706 1.000 9.03 
19.879 1.000 11.77 
19.659 1.000 8.34 
20.831 1.000 0.49 
20.499 1.000 21.94 
21.169 1.000 3.31 
19.417 1.000 10.48 
18.607 1.000 10.54 
20.112 1.000 7.97 

19.993 1.000 8.73 
21.135 1.000 8.06 
22.498 1.000 21.06 
23.548 1.000 5.53 
22.403 1.000 21.96 
18.649 1.000 5.78 
18.153 1.000 14.06 
18.053 1.000 8.82 
16.780 1.000 0.00 
16.815 1.000 6.15 
16.969 1.000 10.14 

17.994 1.000 0.76 
15.594 1.000 10.30 
14.537 1.000 13.46 
15.700 1.000 11.26 
14.636 1.000 7.70 
15.240 1.000 5.36 
15.886 1.000 3.70 
13.629 1.000 7.89 
12.730 1.000 13.24 
13.755 1.000 11.50 
12.820 1.000 12.48 
13.098 1.000 3.73 
11.370 1.000 7.92 
11.042 1.000 8.42 
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ATOM 


921 


N 


GLY 


123 


ATOM 


922 


CA 


GLY 


123 


IV TOM 


923 


c 


GLY 


123 


ATOM 


924 


0 


GLY 


123 


ATOM 


925 


N 


GLY 


124 


IVTOM 


926 


CA 


GLY 


124 


ATOM 


927 


c 


GLY 


124 


11 TOM 


928 


o 


GLY 


124 




929 


N 


VAL 


125 


ATOM 


930 


CA 


VAL 


125 


ATOM 


931 


CB 


VAL 


125 


ATOM 


932 


CGI 


VAL 


125 


ATOM 


933 


CG2 


VAL 


125 


ATOM 


934 


C 


VAL 


125 


ATOM 


935 


0 


VAL 


125 


ATOM 


936 


N 


GLY 


126 


ATOM 


937 


CA 


GLY 


126 


ATOM 


938 


C 


GLY 


126 


ATOM ' 


939 


0 


GLY 


126 


ATOM 


940 


N 


THR 


127 


ATOM 


941 


CA 


THR 


127 


ATOM 


942 


CB 


THR 


127 



ATOM 943 OG1 THR 127 
ATOM 944 CG2 THR 127 



ATOM 


945 


C 


THR 


127 


ATOM 


946 


0 


THR 


127 


ATOM 


947 


N 


THR 


128 


ATOM 


948 


CA 


THR 


128 


ATOM 


949 


CB 


THR 


128 


ATOM 


950 


OG1 


THR 


128 


ATOM 


951 


CG2 


THR 


128 


ATOM 


952 


C 


THR 


128 


ATOM 


953 


O 


THR 


128 


ATOM 


954 


N 


TYR 


129 


ATOM 


955 


CA 


TYR 


129 


ATOM 


956 


CB 


TYR 


129 


ATOM 


957 


CG 


TYR 


129 


ATOM 


958 


CD1 


TYR 


129 


ATOM 


959 


CE1 


TYR 


129 


ATOM 


960 


CD2 


TYR 


129 


ATOM 


961 


CE2 


TYR 


129 


ATOM 


962 


cz 


TYR 


129 


ATOM 


963 


OH 


TYR 


129 


ATOM 


964 


C 


TYR 


129 


ATOM 


965 


O 


TYR 


129 


ATOM 


966 


N 


PRO 


130 


ATOM 


967 


CD 


PRO 


130 



-23.125 -65.859 10.529 1.000 7.14 

-23.316 -65.625 9.115 1.000 3.98 

-23.643 -64.196 8.735 1.000 12.34 

-23.445 -63.822 7.571 1.000 1.55 

-24.132 -63.404 9.683 1.000 19.09 

-24.506 -62.016 9.471 1.000 13.26 

-25.277 -61.809 8.186 1.000 10.25 

-26.403 -62.278 8.018 1.000 10.97 

-24.684 -61.110 7.217 1.000 12.50 

-25.365 -60.956 5.930 1.000 9.40 

-25.557 -59.477 5.559 1.000 14.11 

-26.156 -59.326 4.168 1.000 13.51 

-26.455 -58.786 6.578 1.000 22.31 

-24.588 -61.675 4.833 1.000 6.71 

-23.580 -61.151 4.368 1.000 4.54 

-25.047 -62.850 4.427 1.000 14.20 

-24.466 -63.654 3.377 1.000 9.15 

-23.012 -64.018 3.580 1.000 10.06 

-22.225 -64.068 2.629 1.000 4.29 

-22.595 -64.295 4.811 1.000 6.29 

-21.214 -64.701 5.050 1.000 3.83 

-20.470 -63.707 5.957 1.000 8.35 

-20.719 -64.001 7.339 1.000 16.55 

-20.987 -62.295 5.716 1.000 11.34 

-21.143 -66.099 5.663 1.000 1.10 

-22.159 -66.699 6.001 1.000 4.52 

-19.921 -66.590 5.790 1.000 9.21 

-19.546 -67.893 6.299 1.000 8.72 

-18.451 -68.505 5.397 1.000 10.99 

-17.447 -67.497 5.236 1.000 7.85 

-18.976 -68.853 4.015 1.000 3.45 

-18.995 -67.821 7.718 1.000 13.03 

-18.450 -68.788 8.255 1.000 8.50 
-19.127 -66.646 8.315 1.000 10.20 
-18.542 -66.357 9.615 1.000 7.58 
-18.323 -64.853 9.722 1.000 8.22 
-17.246 -64.280 8.835 1.000 11.97 
-17.514 -63.176 8.031 1.000 8.62 
-16.547 -62.636 7.211 1.000 7.23 
-15.970 -64.827 8.799 1.000 12.10 
-14.991 -64.290 7.982 1.000 16.92 
-15.288 -63.196 7.193 1.000 16.10 
-14.315 -62.655 6.383 1.000 11.56 

-19.416 -66.840 10.765 1.000 9.63 

-20.644 -66.723 10.714 1.000 13.75 

-18.789 -67.380 11.804 1.000 8.51 

-17.336 -67.523 12.004 1.000 10.11 
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C 
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-19.549 -67.914 12.938 1.000 5.53 
-18.522 -68.804 13.647 1.000 8.51 
-17.227 -68.097 13.397 1.000 11.17 
-19.983 -66.791 13.872 1.000 7.77 
-19.500 -65.667 13.730 1.000 2.72 
-20.873 -67.117 14.799 1.000 7.61 
-21.305 -66.205 15.844 1.000 2.73 
-22.537 -66.747 16.554 1.000 0.00 
-20.174 -65.984 16.842 1.000 8.30 
-19.502 -66.942 17.223 1.000 12.18 
-19.937 -64.752 17.273 1.000 14.28 
-20.610 -63.516 16.842 1.000 11.04 
-18.901 -64.505 18.284 1.000 12.37 
-18.696 -62.992 18.181 1.000 14.35 
-20.032 -62.472 17.753 1.000 12.70 
-19.395 -64.884 19.675 1.000 12.80 
-20.608 -65.027 19.856 1.000 21.24 
-18.497 -65.051 20.641 1.000 14.17 
-18.903 -65.337 22.017 1.000 14.31 
-17.760 -65.881 22.869 1.000 14.22 
-17.050 -67.101 22.317 1.000 13.51 
-15.746 -67.358 23.057 1.000 18.76 
-15.463 -68.849 23.174 1.000 21.23 
-15.154 -69.237 24.580 1.000 37.08 
-19.441 -64.066 22.667 1.000 10.23 
-19.319 -62.982 22.091 1.000 4.45 
-20.032 -64.194 23.853 1.000 4.74 
-20.562 -63.000 24.507 1.000 10.55 
-22.106 -62.964 24.490 1.000 11.86 
-22.586 -61.523 24.423 1.000 0.00 
-22.659 -63.778 23.334 1.000 29.88 
-20.129 -62.885 25.963 1.000 12.01 
-20.215 -63.837 26.736 1.000 27.94 
-19.676 -61.703 26.357 1.000 12.21 
-19.364 -61.443 27.757 1.000 14.41 
-17.975 -60.835 27.898 1.000 17.37 
-17.123 -61.223 29.105 1.000 18.57 
-15.993 -60.213 29.264 1.000 4.42 
-17.932 -61.341 30.387 1.000 6.01 
-20.397 -60.497 28.360 1.000 17.03 
-20.485 -59.326 27.984 1.000 14.19 
-21.196 -60.988 29.303 1.000 19.10 
-22.167 -60.110 29.954 1.000 14.45 
-23.344 -60.925 30.511 1.000 13.65 
-24.272 -60.045 31.335 1.000 8.06 
-24.080 -61.596 29.362 1.000 0.00 
-21.498 -59.327 31.073 1.000 10.63 
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141 

141 

141 

142 

142 

142 

142 

142 

142 

142 

142 

143 

143 

143 

143 



-20.929 - 
-21.556 ■ 
-20.882 ■ 
-19.699 ■ 
-19.115 • 
-18.609 
-21.828 
-22.319 
-22.061 
-22.800 
-23.139 
-23.850 
-21.944 
-20.779 
-22.459 
-23.803 
-21.657 
-22.422 
-23.848 
-21.620 
-22.460 
-20.636 
-19.524 
-20.591 
-19.251 
-18.843 
-21.748 
-22.321 
-22.103 
-21.487 
-23.230 
-23.254 
-22.591 
-23.014 
-21.876 
-24.120 
-24.079 
-25.421 
-25.775 
-27.262 
-24.932 
-23.711 
-23.764 
-23.363 
-22.960 
-21.461 
-23.762 



•59.948 
-57.997 
-57.215 
-56.397 
-55.512 
-57.291 
-56.255 
-55.273 
-56.558 
-55.715 
-56.523 
-55.804 
-54.496 
-54.646 
-53.287 
-52.952 
-52.087 
-51.015 
-51.455 
-51.775 
-52.217 
-51.014 
-50.412 
-50.724 
-50.012 
-49.543 
-49.832 
-49.073 
-49.939 



31.971 1.000 7.12 
31.027 1.000 7.93 
32.056 1.000 6.63 
31.497 1.000 6.08 
32.595 1.000 6.59 
30.936 1.000 10.34 
32.775 1.000 6.02 
1.000 11.10 



32.219 
34.040 



-50.799 
-49.172 
-49.560 
-50.897 
-47.671 
-47.203 
-46.942 



1.000 6.05 
34.972 1.000 9.77 
36.223 1.000 16.98 
37.202 1.000 19.18 
35.276 1.000 8.41 
35.652 1.000 13.52 
35.096 1.000 12.22 
34.599 1.000 11.54 
35.389 1.000 
34.608 1.000 
34.731 1.000 
36.875 1.000 
37.664 1.000 10.47 
37.347 1.000 8.52 
36.611 1.000 3.33 
38.788 1.000 13.50 
38.971 1.000 12.27 
37.623 1.000 6.73 
39.228 1.000 15.77 
38.445 1.000 21.96 
40.505 1.000 4.93 
41.528 1.000 



6.14 
7.78 
3.74 
3.92 



41.036 1.000 
42.521 1.000 
42.556 1.000 



0.26 
3.17 
4.18 
0.00 



-45 
-44 



.490 
.900 



.44 
.55 



-45.119 
-44.901 
-44.218 
-44.945 
-45.680 
-43.670 
-42.941 
-42.676 
-41.656 



40.890 1.000 10.32 
40.900 1.000 17.58 
40.760 1.000 9.20 
40.729 1.000 
40.288 1.000 
38.812 1.000 13.23 
38.566 1.000 0.00 
37.921 1.000 
42.109 1.000 
43.099 1.000 20.55 
42.126 1.000 15.81 
1.000 13.69 
1.000 



1.85 
13.38 



43.322 
43.239 



3.16 



43.475 1.000 16.69 
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40.267 1.000 16.64 


ATOM 


1100 


C 


PRO 


148 


-30.600 


-32.508 


39.456 1.000 15.39 


ATOM 


1101 


0 


PRO 


148 


-31.525 


-33.290 


39.689 1.000 15.71 


ATOM 


1102 


N 


TRP 


149 


-30.218 


-32.263 


38.201 1.000 21.29 


ATOM 


1103 


CA 


TRP 


149 


-30.909 


-32.947 


37.109 1.000 15.64 


ATOM 


1104 


CB 


TRP 


149 


-30.571 


-32.328 


35.750 1.000 17.31 


ATOM 


1105 


CG 


TRP 


149 


-31.296 


-33.043 


34.639 1.000 10.06 


ATOM 


1106 


CD2 


TRP 


149 


-32.715 


-33.086 
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35.129 1.000 4.24 
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-35.101 


38.764 1.000 14.14 


ATOM 


1139 


CG 


LEU 


152 


-34.837 


-33.957 


39.688 1.000 12.09 


ATOM 


1140 


CD1 


LEU 


152 


-34.781 


-32.631 


38.935 1.000 11.66 


ATOM 


1141 


CD2 


LEU 


152 


-36.225 


-34.162 


40.274 1.000 12.14 


ATOM 


1142 


C 


LEU 


152 


-34.053 


-37.544 


38.428 1.000 13.07 


ATOM 


1143 


O 


LEU 


152 


-34.913 


-38.372 


38.729 1.000 13.96 


ATOM 


1144 


N 


ILE 


153 


-33.310 


-37. 613 


37.326 1.000 13.21 


ATOM 


1145 


CA 


ILE 


153 


-33.519 


-38.661 


36.334 1.000 12.12 


ATOM 


1146 


CB 


ILE 


153 


-32.814 


-38.377 


34.991 1.000 9.74 


ATOM 


1147 


CG2 


ILE 


153 


-33.360 


-37.106 


34.355 1.000 0.00 


ATOM 


1148 


CGI 


ILE 


153 


-31.284 


-38.333 


35.061 1.000 8.16 


ATOM 


1149 


CD1 


ILE 


153 


-30.635 


-38.332 


33.684 1.000 0.00 


ATOM 


1150 


C 


ILE 


153 


-33.054 


-40.024 


36.836 1.000 9.56 


ATOM 


1151 


O 


ILE 


153 


-33.540 


-41.043 


36.342 1.000 4.79 


ATOM 


1152 


N 


PHE 


154 


-32.138 


-40.069 


37.797 1.000 12.41 


ATOM 


1153 


CA 


PHE 


154 


-31.645 


-41.349 


38.301 1.000 8.75 


ATOM 


1154 


CB 


PHE 


154 


-30.113 


-41.372 


38.348 1.000 8.88 


ATOM 


1155 


CG 


PHE 


154 


-29.456 


-41.758 


37.031 1.000 8.38 
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ATOM 


1156 


CD1 


PHE 


154 


-28,597 


-40.887 


36.384 


1.000 


9.10 


ATOM 


1157 


CD2 


PHE 


154 


-29.703 


-42.990 


36.458 


1.000- 


0.00 


ATOM 


1158 


CE1 


PHE 


154 


-28.000 


-41.232 


35.188 


1.000 


9.85 


ATOM 


1159 


CE2 


PHE 


154 


-29.119 


-43.344 


35.260 


1.000 


5.02 


ATOM 


1160 


CZ 


PHE 


154 


-28.258 


-42.468 


34.624 


1.000 


8.39 


ATOM 


1161 


C 


PHE 


154 


-32.199 


-41.648 


39.690 


1.000 


11.55 


ATOM 


1162 


O 


PHE 


154 


-31.683. 


-42.515 


40.400 


1.000 


10.77 


ATOM 


1163 


N 


GLU 


155 


-33.246 


-40.936 


40.093 


1.000 


15.11 


ATOM 


1164 


CA 


GLU 


155 


-33.898 


-41.221 


41.367 


1.000 


19.95 


ATOM 


1165 


CB 


GLU 


155 


-35.134 


-40.343 


41.542 


1.000 


26.08 


ATOM 


1166 


CG 


GLU 


155 


-35.558 


-40.107 


42.980 


1.000 


33.00 


ATOM 


1167 


CD 


GLU 


155 


-36.339 


-41.267 


43.568 


1.000 


44.51 


ATOM 


1168 


OE1 


GLU 


155 


-37.432 


-41.585 


43.051 


1.000 


49.47 


ATOM 


1169 


OE2 


GLU 


155 


-35.862 


-41.867 


44.558 


1.000 


61.39 


ATOM 


1170 


C 


GLU 


155 


-34.270 


-42.702 


41.449 


1.000 


18.82 


ATOM 


1171 


0 


GLU 


155 


-34.978 


-43.212 


40.582 


1.000 


14.49 


ATOM 


1172 


N 


GLY 


156 


-33.779 


-43.376 


42.481 


1.000 


12.58 


ATOM 


1173 


CA 


GLY 


156 


-33.993 


-44.787 


42.696 


1.000 


6.50 


ATOM 


1174 


c 


GLY 


156 


-33.061 


-45.684 


41.914 


1.000 


12.22 


ATOM 


1175 


0 


GLY 


156 


-33.205 


-46.914 


41.914 


1.000 


27.90 


ATOM 


1176 


N 


GLY 


157 


-32.082 


-45.107 


41.224 


1.000 


9.19 


ATOM 


1177 


CA 


GLY 


157 


-31.216 


-45.877 


40.358 


1.000 


8.21 


ATOM 


1178 


c 


GLY 


157 


-30.007 


-46.514 


40.991 


1.000 


8.61 


ATOM 


1179 


0 


GLY 


157 


-29.563 


-47.579 


40.549 


1.000 


17.22 


ATOM 


1180 


N 


GLU 


158 


-29.442 


-45.887 


42.018 


1.000 


7.58 


ATOM 


1181 


CA 


GLU 


158 - 


-28.299 


-46.453 


42.721 


1.000 


7.50 


ATOM • 


1182 


CB 


GLU 


158 


-27.807 


-45.505 


43.814 


1.000 


9.84 


ATOM 


1183 


CG 


GLU 


158 


-26.756 


-46.097 


44.739 


1.000 


11.00 


ATOM - 


1184 


CD 


GLU 


158 


-26.031 


-45.053 


45.564 


1.000 


24.40 


ATOM 


1185 


OE1 


GLU 


158 


-26.158 


-43.845 


45.267 


1.000 


33.57 


ATOM 


1186 


OE2 


GLU 


158 


-25.325 


-45.439 


46.523 


1.000 


39.11 


ATOM 


1187 


c 


GLU 


158 


-28.696 


-47.807 


43.302 


1.000 


13.34 


ATOM 


1188 


O 


GLU 


158 


-27.956 


-48.787 


43.225 


1.000 


29.78 


ATOM 


1189 


N 


GLN 


159 


-29.895 


-47.840 


43.875 


1.000 


10.17 


ATOM 


1190 


CA 


GLN 


159 


-30.481 


-49.058 


44.406 


1.000 


15.50 


ATOM 


1191 


CB 


GLN 


159 


-31.856 


-48.764 


45.017 


1.000 


19.57 


ATOM 


1192 


CG 


GLN 


159 


-32.548 


-49.952 


45.647 


1.000 


24.93 


ATOM 


1193 


CD 


GLN 


159 


-31.737 


-50.676 


46.704 


1.000 


30.24 


ATOM 


1194 


OE1 


GLN 


159 


-31.940 


-50.499 


47.909 


1.000 


40.80 


ATOM 


1195 


NE2 


GLN 


159 


-30.800 


-51.510 


46.265 


1.000 


20.75 


ATOM 


1196 


C 


GLN 


159 


-30.605 


-50.132 


43.336 


1.000 


17.89 


ATOM 


1197 


O 


GLN 


159 


-30.218 


-51.285 


43.544 


1.000 


21.71 


ATOM 


1198 


N 


LYS 


160 


-31.154 


-49.791 


42.168 


1.000 


15.99 


ATOM 


1199 


CA 


LYS 


160 


-31.361 


-50.855 


41.176 


1.000 


6.75 


ATOM 


1200 


CB 


LYS 


160 


-32.314 


-50.369 


40.090 


1.000 


10.24 


ATOM 


1201 


CG 


LYS 


160 


-33.666 


-49.907 


40.607 


1.000 


6.13 


ATOM 


1202 


CD 


LYS 


160 


-34.386 


-49.041 


39.581 


1.000 


11.21 
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ATOM 


1203 


CE 


LYS 


160 


-35.897 - 


-49.190 


39.702 1.000 9.55 


ATOM 


1204 


NZ 


LYS 


160 


-36.616 • 


-48.235 


38.811 1.000 20.37 


ATOM 


1205 


C 


LYS 


160 


-30.029 ■ 


-51.305 


40.591 1.000 14.32 


ATOM 


1206 


O 


LYS 


160 


-29.842 ■ 


-52.475 


40.257 1.000 14.42 


ATOM 


1207 


N 


THR 


161 


-29.082 • 


-50.375 


40.465 1.000 10.29 


ATOM 


1208 


CA 


THR 


161 


-27.771 • 


-50.734 


39.933 1.000 13.43 


ATOM 


1209 


CB 


THR 


161 


-26.878 


-49.508 


39.672 1.000 10.03 


ATOM 


1210 


OG1 


THR 


161 


-27.070 


-48.557 


40.730 1.000 30.01 


ATOM 


1211 


CG2 


THR 


161 


-27.263 


-48.788 


38.389 1.000 13.57 


ATOM 


1212 


C 


THR 


161 


-27.057 


-51.683 


40.896 1.000 12.06 


ATOM 


1213 


O 


THR 


161 


-26.160 


-52.415 


40.481 1.000 6.51 


ATOM 


1214 


N 


THR 


162 


-27.457 


-51.664 


42.165 1.000 8.39 


ATOM 


1215 


CA 


THR 


162 


-26.894 


-52.551 


43.177 1.000 9.75 


ATOM 


1216 


CB 


THR 


162 


-27.286 


-52.130 


44.604 1.000 12.96 


ATOM 


1217 


OG1 


THR 


162 


-26.705 


-50.863 


44.941 1.000 11.98 


ATOM 


1218 


CG2 


THR 


162 


-26.735 


-53.132 


45.605 1.000 20.35 


ATOM 


1219 


c 


THR 


162 


-27.349 


-53.991 


42.956 1.000 10.87 


ATOM 


1220 


O 


THR 


162 


-26.764 


-54.942 


43.471 1.000 12.87 


ATOM 


1221 


N 


GLU 


163 


-28.410 


-54.170 


42.174 1.000 16.58 


ATOM 


1222 


CA 


GLU 


163 


-28.949 


-55.496 


41.905 1.000 20.69 


ATOM 


1223 


CB 


GLU 


163 


-30.486 


-55.450 


41.861 1.000 21.36 


ATOM 


1224 


CG 


GLU 


163 


-31.136 


-54.918 


43.122 1.000 19.81 


ATOM 


1225 


CD 


GLU 


163 


-30.918 


-55.799 


44.332 1.000 20.57 


ATOM 


1226 


OE1 


GLU 


163 


-30.336 


-56.894 


44.181 1.000 13.38 


ATOM 


1227 


OE2 


GLU 


163 


-31.340 


-55.394 


45.441 1.000 37.36 


ATOM 


1228 


c 


GLU 


163 


-28.455 


-56.101 


40.596 1.000 12.31 


ATOM 


1229 


O 


GLU 


163 


-28.614 . 


-57.306 


40.384 1.000 8.17 


ATOM 


1230 


N 


LEU 


164 


-27.880 


-55.296 


39.710 1.000 14.12 


ATOM 


1231 


CA 


LEU 


164 


-27.561 


-55.746 


38.356 1.000 8.92 


ATOM 


1232 


CB 


LEU 


164 


-26.960 


-54.602 


37.541 1.000 5.54 


ATOM 


1233 


CG 


LEU 


164 


-27.903 


-53.857 


36.593 1.000 10.39 


ATOM 


1234 


CD1 


LEU 


164 


-29.295 


-53.740 


37.197 1.000 23.43 


ATOM 


1235 


CD2 


LEU 


164 


-27.352 


-52.485 


36.240 1.000 2.48 


ATOM 


1236 


C 


LEU 


164 


-26.621 


-56.943 


38.361 1.000 6.54 


ATOM 


1237 


O 


LEU 


164 


-26.847 


-57. 925 


37.653 1.000 4.26 


ATOM 


1238 


N 


ALA 


165 


-25.562 


-56.865 


39.159 1.000 7.24 


ATOM 


1239 


CA 


ALA 


165 


-24.609 


-57.965 


39.239 1.000 11.41 


ATOM 


1240 


CB 


ALA 


165 


-23.542 


-57.659 


40.276 1.000 11.40 


ATOM 


1241 


C 


ALA 


165 


-25.312 


-59.284 


39.551 1.000 16.26 


ATOM 


1242 


o 


ALA 


165 


-24.980 


-60.302 


38.947 1.000 18.13 


ATOM 


1243 


N 


ARG 


166 


-26.266 


-59.245 


40.469 1.000 20.04 


ATOM 


1244 


CA 


ARG 


166 


-27.014 


-60.397 


40.947 1.000 10.10 


ATOM 


1245 


CB 


ARG 


166 


-27.875 


-59.992 


42.145 1.000 15.40 


ATOM 


1246 


CG 


ARG 


166 


-28.600 


-61.127 


42.843 1.000 15.67 


ATOM 


1247 


CD 


ARG 


166 


-29.286 


-60.640 


44.115 1.000 20.34 


ATOM 


1248 


NE 


ARG 


166 


-30.097 


-59.453 


43.851 1.000 31.99 


ATOM 


1249 


CZ 


ARG 


166 


-31.261 


-59.505 


43.202 1.000 37.46 
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a TOM 


1250 


NH1 


ARG 


ri 1 \Jrl 


1251 

X C+ *J X 


NH2 


ARG 


A 1 vJLXl 


1 9S9 


c 


ARG 








ARG 


A1UM 


1 9 


V* 


VAT. 


A1UW 


1 9RR 


PA 


VAT. 


A1UW 




PR 

V_*Q 




7\ TOM 


1 9R7 




VAT. 


ATOM 

AlOM 




pf59 

VyV36 


VAT» 


ATOM 


1 9HQ 


P 

v^ 


VAT. 
V <r\xi 


AlOM 


14 DU 




VAT» 


AlOM 




IN 


TYR 
x x £\ 


ATOM 


1 0£9 




TYR 

X X £\ 


ATOM 


1 9£*3 
l^OJ 




TYR 

X X Jt\ 


ATOM 


1 9£A 




TYR 

X X Jt\ 


7V rp^"Wl 

ATOM 


14O0 


pm 


TYR 
x xrs. 


ATOM 


1 9££ 


PF1 


TYR 

X X£\ 


ATOM 


1 OC7 
1ZO / 


pno 


TYR 

X X £\ 


ATOM 


1 OCQ 

l4bo 


PI? 9 
UEi4 


TYR 
X xrv 


ATOM 


14D7 


v^Z* 


TYR 
1 ltv 


ATOM 


1 OTA 
14 / U 


VjfX 


TYR 
X irv 


ATOM 


1 9*71 
1Z / 1 


p 

Vw 


TYR 

X X £\ 


ATOM 


1 079 

14 / 4 


o 


TYR 


ATOM 


T 97*} 
14 / O 


IN 




ATOM 


14 / H 


pa 




ATOM 


i o*7 c; 
14 / o 






ATOM 


1 0*7 £ 

14 / o 


0G 


SER 


AlOM 


1 977 


C 


SER 


AlOM 


1 97fl 
14 / o 


0 


SER 


AlOM 


1 97Q 


N 


ALA 


AlOM 


1 980 

140 VJ 


CA 


ALA 


AlOM 


14 O 1 


CB 


ALA 


AlOM 


1 9R9 
14 O 4 


C 


ALA 


TV TOM 


1 9ft 


0 


ALA 




1 9R4 


N 


LEU 


ATOM 


1285 


CA 


LEU 


ATOM 


1286 


CB 


LEU 


ATOM 


1287 


CG 


LEU 


ATOM 


1288 


CD1 LEU 


ATOM 


1289 


CD2 LEU 


ATOM 


1290 


C 


LEU 


ATOM 


1291 


0 


LEU 


ATOM 


1292 


N 


ALA 


ATOM 


1293 


CA 


ALA 


ATOM 


1294 


CB 


ALA 


ATOM 


1295 


C 


ALA 


ATOM 


1296 


0 


ALA 



166 -31.718 -60.673 

166 -31.974 -58.410 

166 -27.899 -60.991 

166 -27.862 -62.186 

167 -28.724 -60.143 
167 -29.647 -60.637 
167 -30.800 -59.642 
167 -31.873 -60.262 
167 -31.423 -59.212 
167 -28.941 -60.943 

167 -29.342 -61.889 

168 -27.906 -60.209 
168 -27.225 -60.549 
168 -26.220 -59.494 
168 -26.746 -58,. 249 
168 -25.898 -57.415 
168 -26.377 -56.273 
168 -28.085 -57.889 
168 -28.565 -56.750 
168 -27.708 -55.940 
168 -28.194 -54.801 
168 -26.466 -61.863 

168 -26.398 -62.696 

169 -25.896 -61.972 
169 , -25.145 -63.174 
169 -24.663 -63.109 
169 -23.611 -64.024 
169 -26.034 -64.389 

169 -25.709 -65.240 

170 -27.161 -64.434 
170 -28.154 -65.483 
170 -29.397 -65.155 
170 -28.495 -65; 659 

170 -28.526 -66.772 

171 -28.753 -64.558 
171 -29.115 -64.661 
171 -29.329 -63.272 
171 -29.846 -63.164 
171 -28.692 -63.043 
171 -30.734 -64.340 
171 -28.052 -65.404 

171 -28.328 -66.409 

172 -26.825 -64.890 
172 -25.735 -65.489 
172 -24.454 -64.699 
172 -25.549 -66.953 
172 -25.192 -67.797 



42.770 1.000 41.26 
42.979 1.000 44.85 
39.862 1.000 10.33 
39.569 1.000 11.28 
39.253 1.000 10.14 
38.231 1.000 8.08 
38.007 1.000 12.63 
37.129 1.000 23.15 
39.331 1.000 16.49 
36.916 1.000 8.93 
36.230 1.000 11.00 
36.507 1.000 6.53 
35.262 1.000 5.82 

34.815 1.000 12.35 
34.148 1.000 10.53 
33.429 1.000 4.25 

32.816 1.000 3.59 
34.230 1.000 9.22 
33.624 1.000 11.67 
32.912 1.000 8.76 
32.308 1.000 13.56 

35.444 1.000 9.45 
34.544 1.000 5.20 
36.648 1.000 5.94 
36.999 1.000 11.65 

38.445 1.000 12.52 
38.688 1.000 13.86 
36.740 1.000 14.93 
35.912 1.000 25.35 
37.448 1.000 9.54 
37.259 1.000 7.33 
38.069 1.000 3.12 
35.785 1.000 12.27 
35.262 1.000 20.56 
35.081 1.000 15.11 
33.665 1.000 17.04 
33.076 1.000 13.64 
31.645 1.000 21.08 
30.658 1.000 45.18 
31.270 1.000 17.34 
32.868 1.000 18.57 
32.219 1.000 17.64 
32.920 1.000 22.46 
32.157 1.000 17.47 
32.377 1.000 10.29 
32.536 1.000 13.15 
31.713 1.000 17.25 
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-25.802 


-67.242 


33.809 1.000 
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31.408 1.000 


8.80 
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174 


-28.846 
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30.834 1.000 
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1314 
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MET 
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-28.328 
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30.793 1.000 
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-MET 
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-28.058 
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MET 
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0.00 


ATOM 


1317 


CG 


MET 
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26.348 1.000 


21.02 


ATOM 


1320 


C 


MET. 


175 


-26.715 


-69.399 


29.045 1.000 


6.31 


ATOM 


1321 


O 


MET 


175 


-26.332 


-69.479 


27.880 1.000 


8.17 


ATOM 


1322 


N 


LYS 


176 


-26.020 


-69.872 


30.070 1.000 


8.77 


ATOM 


1323 


CA 


LYS 


176 


-24.762 


-70.598 


29.939 1.0C0 


10.68 


ATOM 


1324 


CB 


LYS 


176 


-24.970 


-71.945 


29.239 1.000 


10.45 


ATOM 


1325 


CG 


LYS 


176 


-25.907 


-72.900 


29.971 1.000 


3.74 


ATOM 


1326 


CD 


LYS 


176 


-25.133 


-73.755 


30.964 1.000 


5.05 


ATOM 


1327 


CE 


LYS 


176 


-26.084 


-74.568 


31.833 1.000 


6.09 


ATOM 


1328 


NZ 


LYS 


176 


-26.739 


-73.721 


32.861 1.000 


24.38 


ATOM 


1329 


C 


LYS 


176 


-23.733 


-69.760 


29.190 1.000 


12.34 


ATOM 


1330 


O 


LYS 


176 


-23.084 


-70.178 


28.231 1.000 


24.85 


ATOM 


1331 


N 


VAL 


177 


-23.601 


-68.520 


29.648 1.000 


12.09 


ATOM 


1332 


CA 


VAL 


177 


-22.709 


-67.581 


28.953 1.000 


12. 10 


ATOM 


1333 


CB 


VAL 


177 


-23.569 


-66. 629 


28.106 1.000 


9.74 


ATOM 


1334 


CGI 


VAL 


177 


-23.831 


-65.319 


28.835 1.000 


18.59 


ATOM 


1335 


CG2 


VAL 


177 


-22.921 


-66.372 


26.753 1.000 


20.30 


ATOM 


1336 


C 


VAL 


177 


-21.848 


-66.876 


29.982 1.000 


13.62 


ATOM 


1337 


O 


VAL 


177 


-22.292 


-66.730 


31.126 1.000 


20.25 


ATOM 


1338 


N 


PRO 


178 


-20. 635 


-66.454 


29.637 1.000 


10.56 


ATOM 


1339 


CD 


PRO 


178 


-20.019 


-66.530 


28.312 1.000 


2.11 


ATOM 


1340 


CA 


PRO 


178 


-19.760 


-65.842 


30.642 1.000 


10.32 


ATOM 


1341 


CB 


PRO 


178 


-18.433 


-65.656 


29.913 1.000 


6.70 


ATOM 


1342 


CG 


PRO 


178 


-18.623 


-66.026 


28.499 1.000 


0.81 


ATOM 


1343 


C 


PRO 


178 


-20.281 


-64.483 


31.119 1.000 


20.65 
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10 



15 



20 



25 



30 



35 



40 



45 



ATOM 


1344 


O 


PRO 


178 


-20.796 


-63.674 


30.351 


1.000 


22.70 


ATOM 


1345 


N 


PHE 


179 


-20.124 


-64.253 


32.412 


1.000 


22.55 


ATOM 


1346 


CA 


PHE 


179 


-20.474 


-63.025 


33.107 


1.000 


19.13 


ATOM 


1347 


CB 


PHE 


179 


-21.518 


-63.283 


34.194 


1.000 


8.91 


ATOM 


1348 


CG 


PHE 


179 


-21.661 


-62.215 


35.268 


1.000 


8.12 


ATOM 


1349 


CD1 


PHE 


179 


-22.433 


-61.087 


35.044 


1.000 


10.36 


ATOM 


1350 


CD2 


PHE 


179 


-21.031 


-62.337 


36.499 


1.000 


2.04 


ATOM 


1351 


CE1 


PHE 


179 


-22.590 


-60.103 


36.004 


1.000 


2.43 


ATOM 


1352 


CE2 


PHE 


179 


-21.183 


-61.367 


37.470 


1.000 


0.76 


ATOM 


1353 


CZ 


PHE 


179 


-21.963 


-60.248 


37.228 


1.000 


2.96 


ATOM 


1354 


c 


PHE 


179 


-19.231 


-62.400 


33.736 


1.000 


13.74 


ATOM 


1355 


0 


PHE 


179 


-18.309 


-63.110 


34.128 


1.000 


15.60 


ATOM 


1356 


N 


PHE 


180 


-19.214 


-61.080 


33.838 


1.000 


14.28 


ATOM 


1357 


CA 


PHE 


180 


-18.178 


-60.371 


34.573 


1.000 


13.03 


ATOM 


1358 


CB 


PHE 


180 


-17.004 


-59.952 


33.686 


1.000 


17.94 


ATOM 


1359 


CG 


PHE 


180 


-15.933 


-59.164 


34.433 


1.000 


21.76 


ATOM 


1360 


CD1 


PHE 


180 


-14.960 


-59.807 


35.176 


1.000 


21.38 


ATOM 


1361 


CD2 


PHE 


180 


-15.904 


-57.780 


34.391 


1.000 


19.62 


ATOM 


1362 


CE1 


PHE 


180 


-13.979 


-59.108 


35.859 


1.000 


15.07 


ATOM 


1363 


CE2 


PHE 


180 ■ 


-14.941 


-57.064 


35.075 


1.000 


21.73 


ATOM 


1364 


CZ 


PHE 


180 


-13.979 


-57.727 


35.816 


1.000 


21.65 


ATOM 


1365 


c 


PHE 


180 


-18.822 


-59.164 


35.256 


1.000 


12.16 


ATOM 


1366 


0 


PHE 


180 


-19.594 


-58.423 


34.648 


1.000 


11.01 


ATOM 


1367 


N 


ASP 


181 


-18.504 


-58.988 


36.536 


1.000 


7.72 


ATOM 


1368 


CA 


ASP 


181 


-19.062 


-57.864 


37.286 


1.000 


10.61 


ATOM 


1369 


CB 


ASP 


181 


-19.521 


-58.346 


38.659 


1.000 


5.77 


ATOM 


1370 


CG 


ASP 


181 


-19.986 


-57.225 


39.559 


1.000 


4.11 


ATOM 


1371 


OD1 


ASP 


181 


-20.116 


-56.076 


39.092 


1.000 


8.61 


ATOM 


1372 


OD2 


ASP 


181 


-20.217 


-57.508 


40.750 


1.000 


11.49 


ATOM 


1373 


c 


ASP 


181 


-18.037 


-56.743 


37.378 


1.000 


15.44 


ATOM 


1374 


O 


ASP 


181 


-17.023 


-56.872 


38.060 


1.000 


16.84 


ATOM 


1375 


N 


ALA 


182 


-18.293 


-55.639 


36.672 


1.000 


18.65 


ATOM 


1376 


CA 


ALA 


182 


-17.359 


-54.517 


36.678 


1.000 


18.00 


ATOM 


1377 


CB 


ALA 


182 


-17.778 


-53.459 


35.668 


1.000 


7.66 


ATOM 


1378 


C 


ALA 


182 


-17.240 


-53.911 


38.075 


1.000 


18.92 


ATOM 


1379 


O 


ALA 


182 


-16.198 


-53.340 


38.400 


1.000 


8.61 


ATOM 


1380 


N 


GLY 


183 


-18.296 


-54.044 


38.872 


1.000 


15.67 


ATOM 


1381 


CA 


GLY 


183 


-18.374 


-53.516 


40.219 


1.000 


13.53 


ATOM 


1382 


C 


GLY 


183 


-17.444 


-54.230 


41.176 


1.000 


14.96 


ATOM 


1383 


O 


GLY 


183 


-17.268 


-53.846 


42.330 


1.000 


25.31 


ATOM 


1384 


N 


SER 


184 


-16.830 


-55.306 


40.696 


1.000 


16.38 


ATOM 


1385 


CA 


SER 


184 


-15.940 


-56.105 


41.525 


1.000 


12.32 


ATOM 


1386 


CB 


SER 


184 


-16.009 


-57.574 


41.116 


1.000 


14.55 


ATOM 


1387 


OG 


SER 


184 


-15.237 


-57.867 


39.967 


1.000 


12.36 


ATOM 


1388 


C 


SER 


184 


-14.516 


-55.572 


41.439 


1.000 


13.33 


ATOM 


1389 


O 


SER 


184 


-13.644 


-55.986 


42.204 


1.000 


12.05 


ATOM 


1390 


N 


VAL 


185 


-14.276 


-54.640 


40.515 


1.000 


9.89 
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ATOM 1391 CA VAL 
ATOM 1392 CB VAL 
ATOM 1393 CGI VAL 



ATOM 


1394 


CG2 


VAL 


ATOM 


1395 


C 


VAL 


ATOM 


1396 


O 


VAL 


ATOM 


1397 


N 


ILE 


ATOM 


1398 


CA 


ILE 


ATOM 


1399 


CB 


ILE 


ATOM 


1400 


CG2 


ILE 


ATOM 


1401 


CGI 


ILE 


ATOM 


1402 


CD1 


ILE 


ATOM 


1403 


C 


ILE 


ATOM 


1404 


O 


ILE 


ATOM 


1405 


N 


SER 


ATOM 


1406 


CA 


SER 


ATOM 


1407 


CB 


SER 


ATOM, 


1408 


OG 


SER 


ATOM 


1409 


C 


SER 


ATOM 


1410 


O 


SER 


ATOM 


1411 


N 


THR 


ATOM 


1412 


CA 


THR 


ATOM 


1413 


CB 


THR 


ATOM 


1414 


OG1 


THR 


ATOM 


1415 


CG2 


THR 


ATOM 


1416 


C 


THR 


ATOM 


1417 


O 


THR 


ATOM 


1418 


N 


ASP 


ATOM 


1419 


CA 


• ASP 


ATOM . 


1420 


CB 


ASP 


ATOM 


1421 


CG 


ASP 


ATOM 


1422 


OD1 


ASP 


ATOM 


1423 


OD2 


ASP 


ATOM 


1424 


C 


ASP 


ATOM 


1425 


O 


ASP 


ATOM 


1426 


N 


GLY 


ATOM 


1427 


CA 


GLY 


ATOM 


1428 


C 


GLY 


ATOM 


1429 


O 


GLY 


ATOM 


1430 


N 


VAL 


ATOM 


1431 


CA 


VAL 


ATOM 


1432 


CB 


VAL 


ATOM 


1433 


CGI VAL 


ATOM 


1434 


CG2 VAL 


ATOM 


1435 


C 


VAL 


ATOM 


1436 


O 


VAL 


ATOM 


1437 


N 


ASP 



J.O J 


-19 902 - 


-54 .156 


IOC 

1 o 0 


-19 ^90 - 


-54 . 649 


1 Qc: 

lOJ 


-12 034 - 


-56.141 


loD 


-1*3 91 4 - 

"■ XO » £• f 4 


-54 . 346 


loo 


—i 9 ao9 ■ 


-52 . 642 


loo 


-11 718 • 
— X X . /io 


-52 101 


loo 


— 1 *"* 91 9 • 


-51 929 


loo 


-1 905 • 


-50. 479 


lob 


„io 716 . 


-49 752 


lob 


— 1 9 **69 

— XZ . jot 


-50 070 


lob 


— 1 4 ft**0 

— x 4 ■ oou 


-50 005 


1 or 

lob 


— 1 A 956 


-4R 929 


1 o c 

lob 


— 1 5 909 
— XO • ZU? 


-49 957 


loo 


—10 • ZOO 


— RO 5ft"3 


187 


— lO • l^U 


—4ft 7ftft 

— ft O • (OO 


187 


1 a OQ7 
— 10 . ZD / 


—4ft 046 

— 4 O • \J 4 \> 


187 


it i in 
— lO . 11U 


—47 5Q4 


187 


1 A QQQ 

—14 . o o y 


—46 ft7Q 

— 4 O • O #27 


187 


— 10 • 01 / 


—46 ft*^9 


187 


— lO • oo / 


—46 *"*04 
4 o • ou4 


188 


— 1 / . / O / 


—46 41 O 
— 4 o • 4 x v 


too 

188 


1 O 0*7*7 
— lo . U / / 


—45 944 

4 3 • Z»4 4 


188 


— iy • o/i 


— 45 1 51 

— 4 O • lOl 


188 


— i y • y oy 


— 46 *30fi 

— 4 O • JUO 


188 


— iy . o4j 


— 4*} 94*3 


188 


—i / • ojy 


— 4*3 97ft 


TOO 

188 


— lo . zy o 


_ 4*3 c*;*"*5 

"4 J. JJJ 


lo y 


— 1 £ Rift 

— XO • o xo 


-4*3 414 

4 J • ** J. *x 


1 Q Q 

189 


_1C Q1 1 

— xo - yxx 


— 49 ""il 


189 


— 1 A ACM 

14 • 4U / 


-49 594 


lo y 


—1 4 1 5R 

X 4 • JLJO 


—4^ 791 


ioy 


— 14 91 5 

— X4 • 313 


-4*3 Q60 


1QQ 

ioy 


— 1 *3 90ft 


-44 549 


1QQ 

lo y 


—1 6 1 90 

X O • X \) 


—40 949 


1QQ 

lo y 


_ic qi n 

— XO » 7XU 


— "^9 948 


190 


-16.510 


-40.918 


190 


-16.710 


-39.718 


190 


-17.385 


-38.613 


190 


-18.263 


-38.908 


191 


-16.952 


-37.381 


191 


-17.428 


-36.226 


191 


-16.825 


-34.905 


191 


-15.324 


-34.875 


191 


-17.092 


-34.701 


191 


-18.950 


-36.129 


191 


-19.542 


-35.686 


192 


-19.571 


-36.534 



40.358 1.000 14.54 
39.021 1.000 16.34 
39.100 1.000 13.09 
37.877 1.000 20.34 
40.445 1.000 20.13 
40.682 1.000 11.67 
40.260 1.000 19.83 
40.381 1.000 13.97 
39.031 1.000 8.30 
38.428 1.000 12.39 

38.014 1.000 10.45 
36.957 1.000 3.60 
40.979 1.000 13.38 
40*857 1.000 12.90 
41.596 1.000 11.99 
42.052 1.000 9.16 
43.498 1.000 10.88 
43.658 1.000 16.58 
41.145 1,000 11.87 
40.563 1.000 16.73 

41.015 1.000 15.17 
40.189 1.000 13.51 
39.848 1.000 12.88 
39.101 1.000 16.33 
38.961 1.000 8.08 
40.916 1.000 14.09 
41.860 1.000 10.72 
40.474 1.000 15.51 
41.210 1.000 11.58 
41.362 1.000 12.86 
42.261 1.000 4.55 
43.239 1.000 13.27 
41.989 1.000 6.91 
40.567 1.000 15.34 
41.263 1.000 18.48 
39.303 1.000 19.39 
38.515 1.000 15.08 
39.303 1.000 18.57 
40.119 1.000 20.64 
39.057 1.000 13.86 
39.806 1.000 10.59 
39.286 1.000 17.05 
39.559 1.000 30.84 
37.803 1.000 8.10 
39.774 1.000 10.47 
40.761 1.000 13.60 
38.668 1.000 1.46 
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ATOM 1438 CA ASP 

ATOM 1439 CB ASP 

ATOM 1440 CG ASP 

ATOM 1441 OD1 ASP 

ATOM 1442 OD2 ASP 

ATOM 1443 C ASP 

ATOM 1444 O ASP 



ATOM 


1445 


N 


GLY 


ATOM 


1446 


CA 


GLY 


ATOM 


1447 


C 


GLY 


ATOM 


1448 


O 


GLY 


ATOM 


1449 


N 


ILE 


ATOM 


1450 


CA 


ILE 


ATOM 


1451 


CB 


ILE 


ATOM 


1452 


CG2 


ILE 


ATOM 


1453 


CGI 


ILE 


ATOM 


1454 


CD1 


ILE 


ATOM 


1455 


C 


ILE 


ATOM ■ 


1456 


O 


ILE 


ATOM 


1457 


N 


HIS 


ATOM 


1458 


CA 


HIS 


ATOM 


1459 


CB 


HIS 


ATOM 


1460 


CG 


HIS 


ATOM 


1461 


CD2 


HIS 


ATOM 


1462 


ND1 


HIS 


ATOM 


1463 


CE1 


HIS 


ATOM 


1464 


NE2 


arc 

HIS 


ATOM 


1465 


C 


tlT O 

HIb 


ATOM 


1466 


O 


HIS 


ATOM 


1467 


N 


PHE 


ATOM 


1468 


CA 


PHE 


ATOM 


1469 


CB 


PHE 


ATOM 


1470 


CG 


PHE 


ATOM 


1471 


CD1 


PHE 


ATOM 


1472 


CD2 


PHE 


ATOM 


1473 


CE1 


PHE 


ATOM 


1474 


CE2 


PHE 


ATOM 


1475 


CZ 


PHE 


ATOM 


1476 


C 


PHE 


ATOM 


1477 


o 


PHE 


ATOM 


1478 


N 


THR 


ATOM 


1479 


CA 


THR 


ATOM 


1480 


CB 


THR 


ATOM 


1481 


OG1 


THR 


ATOM 


1482 


CG2 


: THR 


ATOM 


1483 


C 


THR 


ATOM 


1484 


O 


THR 



192 -21.018 -36.447 

192 -21.387 -36.356 

192 -20.918 -37.566 

192 -20.296 -38.478 

192 -21.182 -37.597 

192 -21.754 -37.622 

192 -22.988 -37.674 

193 -21.027 -38.572 
193 -21.631 -39.747 
193 -22.153 -40.758 

193 -22.820 -41.732 

194 -21.867 -40.565 
194 -22.330 -41.546 
194 -23.401 -40.945 
194 -23.790 -41.927 
194 -24.643 -40.441 
194 -25.248 -39.237 
194 -21.191 -42.068 

194 -21.086 -43.251 

195 -20.277. -41.195 
195 -19.256 -41.719 
195 -19.089 -40.790 
195 -20.402 -40.647 
195 -20.981 -41.395 
195 -21.283 -39.633 
195 -22.351 -39.753 
195 -22.192 -40.814 
195 -17.918 -41.941 

195 -17.762 -41.602 

196 -17.010 -42.529 
196 -15.725 -43.017 
196 -15.233 -44.136 
196 -16.048 -45.412 
196 -15.822 -46.481 
196 -17.027 -45.509 
196 -16.571 -47.637 
196 -17.779 -46.662 
196 -17.549 -47.727 
196 -14.663 -41.925 

196 -14.757 -40.983 

197 -13.694 -42.112 
197 -12.477 -41.318 
197 -11.886 -41.168 
197 -11.650 -42.458 
197 -12.882 -40.454 
197 -11.443 -41.978 
197 -11.713 -43.037 



38.540 1.000 0.70 
37.056 1.000 2.10 
36.268 1.000 9.82 
36.857 1.000 8.20 
35.047 1.000 6.78 
39.173 1.000 7.73 
39.136 1.000 7.10 
39.753 1.000 15.10 

40.351 1.000 17.83 

39.352 1.000 18.93 
39.718 1.000 10.12 

38.062 1.000 11.77 
37.081 1.000 7.87 
36.154 1.000 9.95 

35.063 1.000 0.00 
36.896 1.000 9.90 
36.206 1.000 8.85 
36.225 1.000 2.97 
35.924 1.000 6.72 
35.792 1.000 6.33 
34.884 1.000 10.76 
33.673 1.000 11.36 
32.958 1.000 11.50 
31.989 1.000 5.43 
33.253 1.000 7.30 
32.485 1.000 9.11 
31.711 1.000 8.18 
35.577 1.000 8.63 
36.743 1.000 13.71 
34.812 1.000 6.37 

. 35.249 1.000 9.06 
34^320 1.000 5.38 
34.451 1.000 10.20 
33.602 1.000 8.01 
35.427 1.000 6.21 
33.722 1.000 11.17 
35.546 1.000 14.06 
34.694 1.000 13.03 
35.273 1.000 12.92 
34.494 1.000 15.16 
36.158 1.000 13.17 
36.183 1.000 17.95 
37.593 1.000 20.94 
38.173 1.000 20.14 
38.499 1.000 31.55 
35.269 1.000 10.26 
34.705 1.000 14.53 
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ATOM 1485 N GLU 198 

ATOM 1486 CA GLU 198 

ATOM 1487 CB GLU 198 

ATOM 1488 CG GLU 198 

5 ATOM 1489 CD GLU 198 

ATOM 1490 OE1 GLU 198 

ATOM 1491 OE2 GLU 198 

ATOM 1492 C GLU 198 

ATOM 1493 O GLU 198 

10 ATOM 1494 N ALA 199 

ATOM 1495 CA ALA 199 

ATOM 14 96 CB ALA 199 

ATOM 1497 C ALA 199 

ATOM 1498 O ALA 199 

15 ATOM 1499 N ASN 200 

ATOM 1500 CA ASN 200 

ATOM 1501 CB ASN 200 

ATOM 1502 CG ASN 200 

ATOM 1503 OD1 ASN 200 

20 ATOM 1504 ND2 ASN 200 

ATOM 1505 C ASN 200 

ATOM 1506 O ASN 200 

ATOM 1507 N ASN 201 

ATOM 1508 CA ASN 201 

25 ATOM 1509 CB ASN 201 

ATOM 1510 CG ASN 201 

ATOM 1511 OD1 ASN 201 

ATOM 1512 ND2 ASN 201 
ATOM 1513 C ASN 201 
30 ATOM 1514 O ASN 201 
ATOM 1515 N ARG 202 
ATOM 1516 CA ARG ' 202 
ATOM 1517 CB ARG 202 
ATOM 1518 CG ARG 202 
35 ATOM 1519 CD ARG 202 
ATOM 1520 NE ARG 202 
ATOM 1521 CZ ARG 202 
ATOM 1522 NH1 ARG 202 
ATOM 1523 NH2 ARG 202 
40 ATOM 1524 C ARG 202 
ATOM 1525 O ARG 202 
ATOM 1526 N ASP 203 
ATOM 1527 CA ASP 203 
ATOM 1528 CB ASP 203 
45 ATOM 1529 CG ASP 203 
ATOM 1530 OD1 ASP 203 
ATOM 1531 OD2 ASP 203 



-10.283 -41.362 35.133 1.000 9.05 

-9.192 -41.943 34.362 1.000 12.89 

-8.023 -40.960 34.314 1.000 20.40 

-6.903 -41.349 33.362 1.000 32.30 

-5.764 -40.346 33.328 1.000 35.77 

-5.127 -40.141 34.385 1.000 42.59 

-5.498 -39.761 32.256 1.000 25.40 

-8.779 -43.279 34.970 1.000 16.23 

-8.636 -44.296 34.292 1.000 14.85 

-8.596 -43.284 36.291 1.000 11.36 

-8.233 -44.489 37.022 1.000 5.99 

-8.047 -44.154 38.499 1.000 2.34 

-9.273 -45.594 36.373 1.000 7.89 

-8.922 -46.767 36.748 1.000 16.70 

-10.548 -45.210 36.897 1.000 13.48 

-11.644 -46.155 36.715 1.000 11.59 

-13.007 -45.474 36.805 1.000 4.12 

-13.492 -45.192 38.209 1.000 11.67 

-13.045 -45.767 39.200 1.000 6.19 

-14.455 -44.276 38.330 1.000 13.74 

-11.505 -46.869 35.366 1.000 8.88 

-11.667 -48.084 35.305 1.000 9.08 

-11.208 -46.111 34.315 1.000 14.48 

-11.074 -46.639 32.963 1.000 14.27 

-10.903 -45.495 31.960 1.000 16.17 

-12.221 -44.853 31.570 1.000 14.25 

-13.050 -45.436 30.871 1.000 13.77 

-12.441 -43.624 32.021 1.000 16.01 

-9.908 -47.620 32.870 1.000 12.95 

-10.050 -48.720 32.334 1.000 11.02 

-8.775 -47.207 33.412 1.000 15.80 

-7.571 -48.020 33.532 1.000 14.85 

-6.491 -47.250 34.294 1.000 17.85 

-5.109 -47.874 34.325 1.000 17.66 

-4.141 -47.026 35.143 1.000 19.69 

-3.646 -45.881 34.388 1.000 30.64 

-2.410 -45.407 34.412 1.000 36.54 

-1.470 -45.972 35.164 1.000 35.38 

-2.093 -44.353 33.669 1.000 23.31 

-7.862 -49.344 34.229 1.000 6.52 
-7.636 -50.401 33.644 1.000 9.98 
-8.365 -49.285 35.464 1.000 3.83 
-8.597 -50.500 36.237 1.000 12.72 
-9.148 -50.181 37.631 1.000 9.96 
-8.170 -49.370 38.458 1.000 16.04 
-6.980 -49.324 38.086 1.000 18.66 
-8.584 -48.772 39.474 1.000 22.09 
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ATOM 1576 OE1 GLU 210 
ATOM 1577 OE2 GLU 210 
ATOM 1578 C GLU 210 



-9.548 -51-455 35.524 1.000 18.07 

-9.383 -52.674 35.579 1.000 12.38 

-10.550 -50.890 34.859 1.000 23.73 

-11.541 -51.706 34.169 1.000 21.34 

-12.745 -50.872 33.727 1.000 26.39 

-14.123 -51.510 33.908 1.000 26.92 

-15.079 -51.066 32.809 1.000 10.26 

-14.019 -53.027 33.942 1.000 35.07 

-10.938 -52.392 32.948 1.000 10.84 

-11.212 -53.567 32.707 1.000 16.23 

-10.143 -51.649 32.189 1.000 8.26 

-9.534 -52.173 30.984 1.000 6.27 

-8.472 -53.215 31.265 1.000 8.34 

-8.228 -54.094 30.436 1.000 9.21 

-7.829 -53.130 32.425 1.000 8.74 

-6.833 -54.135 32.796 1.000 9.33 

-5.942 -53.653 33.957 1.000 16.14 

.-5.020 -54.754 34.457 1.000 6.58 

-5.124 -52.445 33.514 1.000 6.33 

-7.526 -55.447 33.154 1.000 5.34 

-7.118 -56.498 32.664 1.000 5.68 

-8.564 -55.384 33.982 1.000 4.56 

-9.349 -56.547 34.369 1.000 8.39 
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-8.589 -62-787 30.927 1.000 10.93 
-10.007 -61.120 31.441 1.000 10.29 
-11.190 -61.871 31.035 1.000 17.12 
-12.443 -61.052 31.363 1.000 15.73 
-12.542 -60.709 32.844 1.000 19.97 
-12.936 -61.923 33.671 1.000 20.12 
-13.886 -62.628 33.331 1.000 17.44 
-12.218 -62.166 34.759 1.000 12.84 
-11.146 -62.237 29.556 1.000 19.66 
-11.399 -63.384 29.170 1.000 12.73 
-10.822 -61.287 28.679 1.000 17.48 
-10.785 -61.612 27.249 1.000 19.02 
-10.426 -60.369 26.415 1.000 14.47 
-10.189 -60.744 24.958 1.000 15.00 
-11.527 -59.320 26.523 1.000 8.88 
-9.816 -62.745 26.936 1.000 23.29 
-10.192 -63.735 26.294 1.000 25.62 
-8.557 -62.645 27.361 1.000 21.16 
-7.617-63.740 27.126 1.000 22.08 
-6.251 -63.462 27.752 1.000 19.45 
-5.577 -62.178 27.300 1.000 20.41 
-4.621 -61.690 28.380 1.000 26.40 
-3.847 -60.527 27.952 1.000 29.86 
-3.556 -59.504 28.745 1.000 26.00 
-3.968 -59.485 30.007 1.000 15.34 
-2.847 -58.491 28.268 1.000 17.74 
-8.157 -65.052 27.695 1.000 21.76 
-7.893 -66.138 27.182 1.000 28.34 
-8.924 -64.952 28.780 1.000 15.76 
-9.486 -66.151 29.389 1.000 15.09 
-10.043 -65.824 30,781 1.000 19.35 
-11.053 -66.745 31.144 1.000 46.77 
-10.561 -66.790 28.529 1.000 15.48 
-10.692 -68.016 28.535 1.000 24.87 
-11.355 -66.030 27.772 1.000 21.40 
-12.367 -66.673 26.938 1.000 21.52 
-13..655 -65.855 26.860 1.000 22.40 
-14.176 -65.153 28.103 1.000 20.48 
-15.071 -63.990 27.697 1.000 27.15 
-14.931 -66.118 29.006 1.000 13.10 
-11.884 -66.920 25.510 1.000 20.60 
-12.536 -67.682 24.789 1.000 31.41 
-10.790 -66.303 25.077 1.000 21.43 
-10.291 -66.503 23.718 1.000 19.55 
-10.114 -65.148 23.021 1.000 19.47 
-11.385 -64.305 22.870 1.000 16.11 
-11.095 -63.042 22.076 1.000 17.60 
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ATOM 1626 CD2 LEO 216 -12.495 -65.108 22.211 1.000 4.00 

ATOM 1627 C LEU 216 -8.983 -67.283 23.688 1.000 24.37 

ATOM 1628 OT1 LEU 216 -8.472 -67.525 22.571 1.000 29.22 

ATOM 1629 OT2 LEU 216 -8.463 -67.655 24.758 1.000 19.02 



In addition to the above-described determinations, a carbamate-inhibited 
perhydrolase crystal was also produced and analyzed. In these experiments, a N- 
hexylcarbamate derivative of wild type perhydrolase was used. Wild-type perhydrolase 
10 (14.$ mg in 1 mL, 67mM NaP04 pH 7 buffer) was titrated at room temperature with 1 .25 
uL aliquots of 400 mM p-nitrophenyl-N-hexylcarbamate dissolved in DMSO. 
Perhydrolase. activity was measured with jj-nitrophenylbutyrate assay (.See, Example 2), 
as a function of time after each addition of the inhibitor. Several additions over several 
hours were required for complete inhibition of the enzyme. After inhibition was 
15 complete, the buffer of the inhibited enzyme solution was exchanged for 10 mM HEPES 
pH 8.3. This solution was stored at - 80*C until used for crystallization screening 
experiments were conducted as described above. The inhibitor /?-nitrophenyl-N- 
hexylcarbamate was prepared by methods known in the art (See e.g., Hosie et al., J. Biol. 
Chem., 262:260-264 [1987]). Briefly, the carbamate-inhibited perhydrolase was 
20 crystallized by vapor diffusion using the hanging drop method known in the art. A ml 

solution of inhibited perhydrolase (15 mg/ml in 10 mM HEPES, pH 8.2), was mixed with 
4 uL of a reservoir solution (30% PEG-4,000 with 0.2 M lithium sulfate and 0.1 M Tris, 
pH 8.5) on a plastic coverslip, then inverted and sealed for a well of 6x4 Linhro plate 
containing 0.5 ml of the reservoir solution and allowed to equilibrate. Crystals formed 
25 within a few days. The crystals were flash frozen in liquid nitrogen and analyzed as 
described above. 

While the native octamer was determined in space group P4 with unit cell 
dimensions: 

a = 98.184 b= 98.184 and c= 230.1 19 a=90.00 p=90.00 y=90.00, this crystal diffracted 
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to about 2.0 A. The carbamate-inhibited crystal grew in the space group PI with unit cell 
dimensions a=67.754, b=80.096, and c=85.974 <x=l 04. 1 0° , p=l 12,10°, andy=97.40° 
and these crystals diffract to a resolution exceeding 1.0 A. 

The carbamate was bound in a manner to exploit the interactions between the keto 

5 oxygen of the carbamate and residues forming the oxyanion hole, the amide N atoms of 
Ser 11 and Ala 55 and Asn 94 ND2. The hydrophobic side chain extends along the 
hydrophobic surface of the binding site out into the surface opening between pairs of 
dimers in the octamer structure. The carbamate moiety direction highlights the pivotal 
role of the S54V mutation. The hydrophobic moiety passes adjacent to the side chain of 

10 ser 54. Mutating the serine side to valine increased the hydro 

as a gatekeeper to prevent hydrophilic nucleophiles (e.g., water) for competing with 
desired deacylating nucleophiles. The t residues surrounding the carbamate moiety on the 
same and neighboring molecules forming the extended entry are expected to influence the 
selection of the optimal de-acylating nucleophile. 

15 in addition, residues with surface-accessible side chain atoms were identified 

using die program "AreaMol," within the CCP4 program package. Table 15-1 lists these 
residues. In this Table, the residue number, residue name, number of surface-accessible 
side chain atoms having at least 10.0 square atoms of accessible surface area, and 
maximum surface area (square angstroms) for any side chain atom within that residue (or 

20 C A for GLY residues) in the octameric structure of perhydrolase are provided. 



Ta 


blel5-l. Surf 


ice-Accessible Side Chaii 


n Atoms 
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Number 


Residue 
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Number of Accessible 
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Maximum Surface 
Area (Square 
AnsstromsY 
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S EXAMPLE 16 

Stain Removal 

In this Example, experiments conducted to assess the stain removal abilities of 
perhydrolase are described. 

Individual wells of 24 well culture plates were used to mimic conditions found in 

10 ordinary washing machines. Each well was filled with commercially available detergent 
(e.g., Ariel [Procter & Gamble], WOB [AATCC], and WFK [WFK]), and pre-stained 
cloth discs cut to fit inside of each well were added. . Temperature and agitation were 
accomplished by attaching the plate to the inside of a common laboratory 
incubator/shaker. To measure bleaching effectiveness of the perhydrolase, fabric stained 

1 5 with tea ( EMPA # 167, available commercially from Test Fabrics) was used. A single 
cloth disc was placed in each well, and 1 ml of detergent liquid, containing enzyme, ester 
substrate, and peroxide was added. After agitation at 100 - 300 rpm @ 20 - 60°C, the 
fabric discs were removed, rinsed with tap water, and allowed to dry overnight. The 
reflectance of each individual cloth disc was measured, and plotted as an "L" value. 

20 These results are provided in Figure 21, which shows that the addition of the perhydrolase 
of the present invention to the detergent consistently provides a greater degree of 
bleaching than the detergents alone. In this Figure, "E" indicates the results for each of 
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the detergents tested in combination with the perhydrolase of the present invention. 



5 EXAMPLE 17 

Cotton Bleaching 

In this Example, experiments to assess the use of the perhydrolase of the present 
invention for bleaching of cotton fabrics are described. 

In these experiments, six cotton swatches per canister were treated at 55°C for 60 

10 minutes in a Launder-O-meter. The substrates used in these experiments were: 3 (3"x3") 
428U and 3 (3"x3") 400U per experiments. Two different types of 100% unbleached 
cotton fabrics from Testfabrics were tested (style 428U (desized but not bleached army 
carded cotton sateen); and style 400U (desized but not bleached cotton print cloth). The 
liquor ratio was about 26 to 1 (-7.7 g fabric/- 200 ml volume liquor). The perhydrolase 

15 enzyme was tested at 12.7 mgP/ml, with ethyl acetate (3 % (v/v)), hydrogen peroxide ( 

1500 ppm), and Triton X-100 (0.001%), in a sodium phosphate buffer (100 mM) for pH 7 
and pH 8; as well as in a sodium carbonate (100 mM) buffer, for pH 9 and pH 10. 

Bleaching effects were quantified with total color difference by taking 4 CIE 
L*a*b* values per each swatch before and after the treatments using a Chroma Meter 

20 CR-200 (Minolta) , and total color difference of the swatches after the treatments were 
calculated according to the following: 

Total color difference (AE) =^(&L 2 + Aa 2 + 6b 2 ) 
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(where AL, Aa, Ab, are differences in CIE L*, CIE a*, and CIE b* values respectively 
before and after the treatments). 

Higher AE values indicate greater bleaching effects. The results {See, Figure 22) 
5 indicated that the perhydrolase showed significantly improved bleaching effects on both 
types of 100% cotton fabrics at pH 7 and pH 8 under the conditions tested. 

It was also observed that high amounts of motes (e.g., pigmented spots) 
disappeared on the enzyme treated substrates. 

10 

EXAMPLE 18 
Linen Bleaching 

hi this Example, experiments conducted to assess the linen bleaching capability of 

the perhydrolase of die present invention are described. The same methods and 
15 conditions as describe above for cotton testing (in Example 17) were used to test linen 

swatches. As indicated above, experiments were conduction in a Launder-O-meter using 

a linen fabric (linen suiting, Style L-53; Testfabrics). 

In these experiments, 3 (4"x4") linen swatches were treated with 12.7 mgP/ml of 

the perhydrolase enzyme with ethyl acetate (3 % v/v), hydrogen peroxide (1200 ppm), 
20 and Triton X-100 (0.001%), in a sodium phosphate buffer (100 mM) for pH 7 and pH 8. 

The bleaching effects were calculated as described above in Example 17. Figure 23 

provides a graph showing the bleaching effects of the perhydrolase of the present 

invention tested at pH 7 and pH 8 on linen. 

25 EXAMPLE 19 

Detergent Compositions 

In the following Example, various detergent compositions are exemplified. In 
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these formulations, the enzymes levels are expressed by pure enzyme by weight of the 
total composition and unless otherwise specified, the detergent ingredients are expressed 
by weight of the total compositions. The abbreviated component identifications therein 
have the following meanings: 



LAS 

TAS 
CxyAS 

CxyEz 

CxyAEzS 

Nonionic 



QAS 

Silicate 

Metasilicate 

Zeolite A 

SKS-6 

Sulphate 

STPP 

MA/AA 

AA 

Polycarboxylate 



BB1 
BB2 
PB1 
PB4 

Percarbonate 

TAED 
NOBS 
DTPA 



Sodium linear i-13 alkyl benzene sulfonate. 
Sodium tallow alkyl sulfate. 
Sodium Cj x - Ciy alkyl sulfate. 

Cj x - C\y predominantly linear primary alcohol condensed with an 
average of z moles of ethylene oxide. 

c lx - c ly rodium alkyl sulfate condensed with an average of z 
moles of ethylene oxide. Added molecule name in the examples. 
Mixed ethoxylated/propoxylated fatty alcohol e.g. Plurafac LF404 
being an alcohol with an average degree of ethoxylation of 3.8 and 
an average degree of propoxylation of 4.5. 
R2-N-KCH3)2(C 2 H40H) with R 2 = Ci 2 -Cl4- 
Amorphous Sodium Silicate (Si02:Na20 ratio = 1.6-3.2:1). 
Sodium metasilicate (SiC>2:Na20 ratio ■ 1.0). 
Hydrated AluminosiUcate of formula Nai2(A102Si02)i 2 . 27H20 
Crystalline layered silicate of formula 8-Na2Si2C>5 # 

Anhydrous sodium sulphate. 
Sodium Tripolyphosphate. 

Random copolymer of 4:1 acrylate/maleate, average molecular 
weight about 70,000-80,000. 

Sodium polyacrylate polymer of average molecular weight 4,500. 
Copolymer comprising mixture of carboxylated monomers such as 
acrylate, maleate and methyacrylate with a MW ranging between 
2,000-80,000 such as Sokolan commercially available from BASF, 
being a copolymer of acrylic acid, MW4,500. 
3^3 > 4-Dihydroisoquinolinium)propane sulfonate 
l-(3,4-dihydroisoquinolinium)-decane-2-siilfate 
Sodium perborate monohydrate. 

Sodium perborate tetrahydrate of nominal formula NaB03.4H20. 
Sodium percarbonate of nominal formula 2Na2C03.3H2C>2 . 
Tetraacetyl ethylene diamine. 

Nonanoyloxybenzene sulfonate in the form of the sodium salt. 
Diethylene triamine pentaacetic acid. 
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HEDP 
DETPMP 

EDDS 

Diamine 

DETBCHD 

PAAC 
Paraffin 

Paraffin Sulfonate 

Aldose oxidase 

Galactose oxidase 
Protease 



Amylase 

Lipase 
Cellulase 

Pectin Lyase 

PVP 
PVNO 

PVPVI 



1 , 1 -hydroxyethane diphosphonic acid. 
Diethyltriamine penta (methylene) phosphonate, marketed by 
Monsanto under the Trade name Dequest 2060. 
Ethylenediamine-NK-disuccimc acid, (S,S) isomer in the form of 
its sodium salt 

Dimethyl aminopropyl amine; 1,6-hezane diamine; 1,3-propane 
diamine; 2-methyl-l,5-pentane diamine; 1 ,3 -pentanediamine; 1- 
methyl-diaminopropane. 

5, 12- diethyH,5,8,12-tetraazabicyclo [6,6,2] hexadecane, 
dichloride, Mn(H) salt 
Pentaamine acetate cobalt(IH) salt. 

Paraffin oil sold under the tradename Winog 70 by WintershalL 
A Paraffin oil or wax in which some of the hydrogen atoms have 
been replaced by sulfonate groups. 

Oxidase enzyme sold under the tradename Aldose Oxidase by 

Novozymes A/S 

Galactose oxidase from Sigma 

Proteolytic enzyme sold under the tradename Savinase, Alcalase, 
Everlase byNovo Nordisk A/S, and the following from Genencor 
International, Inc: "Protease A" described in US RE 34,606 in 
Figures 1 A, IB, and 7, and at column 1 1, lines 1 1-37; "Protease B" 
described in US5,955,340 and US5,700,676 in Figures 1 A, IB and 
5, as well as Table 1; and "Protease C" described in US6,3 12,936 
and US 6,482,628 in Figures 1-3 [SEQ ID 3], and at column 25, line 
12, "Protease D" being the variant 

101G/103A/104I/159D/232V/236H/245R/248D/252K(BPN' 
numbering) described in WO 99/20723. 

Amylolytic enzyme sold under the tradename Purafact Ox Am* 
described in WO 94/18314, WO96/05295 sold by Genencor, 
Natalase®, Termamyl®, Fungamyl® and Duramyl®, all available 
from Novozymes A/S. 

Lipolytic enzyme sold under the tradename Lipolase Lipolase Ultra 
by Novozymes A/S and Lipomax by Gist-Brocades. 
Cellulytic enzyme sold under the tradename Carezyme, Celluzyme 
and/or Endolase by Novozymes A/S. 

Pectaway® ^ Pectawash® available from Novozymes A/S. 
Polyvinylpyrrolidone with an average molecular weight of 60,000 
Polyvinylpyridine-N-Oxide, with an average molecular weight of 
50,000. 

Copolymer of vinylimidazole and vinylpyrrolidone, with an average 
molecular weight of 20,000. 
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Brightener 1 
Silicone antifoam 



Suds Suppressor 

SRP1 
PEGX 
PVPK60® 
Jeffamine ® ED-2001 
Isachem ® AS 
MME PEG (2000) 

DC3225C 

TEPAE 

BTA 

Betaine 

Sugar 

CFAA 

TPKFA 
Clay 



MCAEM 
pH 



Disodium 4,4 , -bis(2-sulphostyryl)biphenyl. 
Polydimethylsiloxane foam controller with siloxane-oxyalkylene 
copolymer as dispersing agent with a ratio of said foam controller to 
said dispersing agent of 10:1 to 100:1. 

12% Silicone/silica, 18% stearyl alcohol,70% starch in granular 
form. 

Anionically end capped poly esters. 
Polyethylene glycol, of a molecular weight of x. 
Vinylpyirolidone homopolymer (average MW 160,000) 
Capped polyethylene glycol from Huntsman 
A branched alcohol alkyl sulphate from Enichem 
Monomethyl ether polyethylene glycol (MW 2000) from Fluka 
Chemie AG. 

Silicone suds suppresser, mixture of Silicone oil and Silica from 
Dow Corning. 

Tetreaethylenepentaamine ethoxylate. 

Benzotriazole. 

(CHa^lSTCHaCOO - 

Industry grade D-glucose or food grade sugar 

C 12 -C l4 alkyl N-methyl glucamide 

Cm-Cm topped whole cut fatty acids. 

A hydrated aluminumu silicate in a general formula 

Al20 3 Si02*xH 2 0. Types: Kaolinite, montmorillonite, atapuigite, 

illite, bentonite, halloysite. 

Esters in the formula of R l O x [(R 2 )m (R 3 )J P 

Measured as a 1% solution in distilled water at 20°C. 



EXAMPLE 20 
Liquid Laundry Detergents 



The following liquid laundry detergent compositions of the present invention are prepared. 





I 


n 


in 


IV 


V 


LAS 


18.0 




6.0 






C„-C.< AEi«S 




2.0 


8.0 


11.0 


5.0 


C 8 -C 10 propyl dimethyl 
amine 


2.0 


2.0 


2.0 


2.0 


1.0 


C12-C14 alkyl dimethyl 
amine oxide . , 










2.0 
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C»-Ck AS 


- 


17.0 


- 


7.0 


8.0 


CFAA 


- 


5.0 


4.0 


4.0 


3.0 ! 


C12-C14 Fatty alcohol 
ethoxylate 


12.0 


6.0 


1.0 


1.0 


1.0 


Ci-j-CmFattvacid 


11.0 


11.0 


4,0 


4-0 


3.0 


Citric acid ( anhydrous) 


5.0 


1.0 


3.0 


3 T 0 


2.0 1 


DETPMP 


1.0 


1.0 


1.0 


1.0 


0.5 


Monoethanolamine 


11.0 


8.0 


5.0 


5.0 


2.0 


Sodium hvdroxide 


1.0 


1.0 


2.5 


1.0 


1.5 


Percarbonate 


- 


3.5 


- 




- 


Propanediol 


12.7 


14.5 


13.1 


10. 


8.0 


Ethanol 


1.8 


1,8 


4.7 


5.4 


1.0 


Pectin Lvase 




- 




0.005 


- 


Amylase 


- 


0.002 


- 




- 


Cellulase 


• 


- 


0.0002 




0.00Q1 


Lipase 


0.1 


- 


0.1 


- 


0.1 


Protease A 


0.05 


0.3 


0.055 


0.5 


0.2 


Aldose Oxidase 


0.03 


- 


0.3 


- 


0,003 


PAAC 


0.01 


0.01 






- 


DETBCHD 






0.02 


0.01 




SRP1 


0.5 


0.5 




0.3 


0.3 


Borjc acid 


2.4 


2.4 


2.8 


2,8 


2.4 ! 


Sodium xylene sulfonate 






3.0 






DC 3225C 


1.0 


1.0 


1.0 


1.0 


1,0 


2-butvl-octanol 


0.03 


0.04 


0.04 


0.03 


0.03 


DTPA 


0.5 


0.4 


0.35 


0.28 


0.4 


Briehtener 1 


0.18 


0.10 


0.11 






Perhvdrolase 


0.05 


0.3 


0.08 


0.5 


0.2 


MCAEM 

fC 19-Ci* E « -s Acetate) 


3.0 


8.0 


12.0 


1.5 


4.8 


Balance to 1 00% oerfume / dye and/or water 



EXAMPLE 21 
Hand-Dish Liquid Detergent Compositions 

5 The following hand dish liquid detergent compositions of the present invention are 



452 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 



prepared. 





I 


n 


ra 


IV 


V 


VI 


C12-C15AE1.8S 


30.0 


28.0 


25.0 




15.0 


10.0 


LAS 








5.0 


15.0 


12.0 


Paraffin Sulfonate 


- 


- 


- 


20.0 






Cio-Ci8 Alkyl Dimethyl 
Amine Oxide 


5.0 


3.0 


7.0 


- 




• 


Betaine 


3.0 


- 


1.0 


3.0 


1.0 




C12 poly-OH fatty acid 
amide 


- 


- 




3.0 


• 


1.0 


C14 poly-OH fatty acid 
amide 


- 


1.5 


*• 


** 






C11E9 


2.0 




4.0 






20.0 


DTPA 


- 


■ 


** 




0.2 




Tri-sodium Citrate dihydrate 


0.25 


- 




0.7 






Diamine 


1.0 


5.0 


7.0 


1.0 


5.0 


7.0 


MgCh 


0.25 






1.0 






Protease A 


A AO 


ft ftl 


ft (Y) 




0 02 


0 05 


Amylase 


0.001 






0.002 




0.001 


Aldose Oxidase 


0.03 




0.02 




0.05 




Sodium Cumene Sulphonate 








2.0 


1.5 


3.0 


PAAC 


0.01 


0.01 


0.02 








DETBCHD 








0.01 


0.02 


0.01 


PB1 


1.5 


2.8 


1.2 








Perhydrolase 


0.02 


0.01 


0.03 


0.01 


0.02 


0.05 
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I 


n 


in 


IV 


v 


VI 1 


MCAEM 

(C14-C15E 7 Acetate) 


3.4 


2.8 


4.0 


2.6 


4.6 


6.8 


Balance to 100% perfume / dye and/or water 



The pH of Compositions (T)-(VI) is about 8 to about 1 1 



EXAMPLE 22 

5 Liquid Automatic Dishwashing Detergent 

The following liquid automatic dishwashing detergent compositions of the present 
are prepared. 





I 


n 


m 


IV 


V 


STPP 


16 


16 


18 


16 


16 


Potassium Sulfate 




10 


8 




10 


1,2 propanediol 


6.0 


0.5 


2.0 


6.0 


0.5 


Boric Acid 


4.0 


3.0 


3.0 


4.0 


3.0 


CaCk dihydrate 


0.04 


0.04 


0.04 


0.04 


0.04 


Nonionic 


0.5 


0.5 


0.5 


0.5 


0.5 


Protease B 


0.03 


0.03 


0.03 


0.03 


0.03 


Amylase 


0.02 




0.02 


0.02 




Aldose Oxidase 




0.15 


0.02 




0.01 


Galactose Oxidase 






0.01 




0.01 


PAAC 


0.01 






0.01 




DETBCHD 




0.01 






0.01 


Perhydrolase 


0.1 


0.03 


0.05 


0.03 


0.06 


MCAEM 


5.0 


3.0 


12.0 


8.0 


1.0 


(C14-C15E12 Acetate) 
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i n in rv v 

Balance to 100% perfume / dye and/or water 

EXAMPLE 23 
Laundry Compositions 

5 The following laundry compositions of present invention, which may be in the 

form of granules or tablet, are prepared. 





I 


n 


m 


IV 


V 


Base Product 












Ci4-CisAS or TAS 


8.0 


5.0 


3.0 


3.0 


3.0 


LAS 


8.0 




8.0 




7.0 


C12-C15AE3S 


0.5 


2.0 


1.0 






C12-C15E5 or E 3 


2.0 




5.0 


2.0 


2.0 


QAS 








1.0 


1.0 


Zeolite A 


20.0 


18.0 


11.0 




10.0 


SKS-6(dryadd) 






9.0 






MA/AA 


2.0 


2.0 


2.0 






AA 










4.0 


3Na Citrate 2H 2 0 




2.0 








Citric Acid (Anhydrous) 


2.0 




1.5 


2.0 




DTPA 


0.2 


0.2 








EDDS 






0.5 


0.1 




HEDP 






0.2 


0.1 




PB1 


3.0 


4.8 






4.0 


Percarbonate 






3.8 


5.2 





455 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 





I 


n 


III 


IV 


V 


NOBS 


1.9 


- 


- 


- 


- 


NACAOBS 


_ 




2.0 


- 


- 


TAED 


0.5 


2.0 


2.0 


5.0 


1.00 


BB1 


0.06 


- 


0.34 


- 


0.14 


BB2 


- 


0.14 


- 


0.20 


- 


Anhydrous Na Carbonate 


15.0 


18.0 


8.0 


15.0 


15.0 


Sulfate 


5.0 


12.0 


2.0 


17.0 


3.0 


Silicate 


_ 


1.0 


- 


- 


8.0 


Protease B 


0.033 


0.033 


- 


- 


- 


Protease C 


- 


- 


0.033 


0.046 


0.033 


Linase 




0.008 








Amylase 


0.001 








0.001 


Cellulase 




0.0014 








Pectin Lyase 


0.001 


0.001 


0.001 


0.001 


0.001 


Aldose Oxidase 


0.03 




0.05 






PAAC 




0.01 






0.05 


Perhydrolase 


0.03 


0.05 


1.0 


0.06 


0.1 


MCAEM** 


2.0 


5.0 


12.0 


3.5 


6.8 



Balance to 100% Moisture and/or Minors* 

• Perfume / Dye, Brightener / SRP1 / Na Carboxymethylcellulose/ Photobleach / MgS0 4 / 
PVPVI/ Suds suppressor /High Molecular PEG/Clay. 

• ** MCAEM is selected from the group consisting of C 9-C1 1E2.5 Acetate, 
[Ci2H25N(CH3)(CH 2 CH 2 OAc)2] + CI", (^aNCHzCHzOCHzCHzOAc, or mixtures 

5 thereof.. 
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EXAMPLE 24 
Liquid Laundry Detergents 

The following liquid laundry detergent formulations of the present invention are 



prepared. 





I 


I 


n 


ra 


IV 


V 


LAS 


11.5 


11.5 


9.0 


- 


4.0 


- 


Cl9-ClsAE2 8sS 






3.0 


18.0 


• 


16.0 


C14-C15E25 s 


11.5 


11.5 


3.0 




16.0 


- 


C 12-C13E9 






3.0 


2.0 


2.0 


1.0 


C 12-CuE 7 


3.2 


3.2 






m 


• 


CFAA 








5.0 


m 


3.0 


TPKFA 


2.0 


2.0 




2.0 


0.5 


2.0 


Citric Acid 


3.2 


3.2 


0.5 


1.2 


2.0 


1.2 


f Anhvdrous} 














Ca formate 


0.1 


0.1 


0.06 


0.1 




- 


IN a IUllualC 


0 5 


0.5 


0.06 


0.1 


0.05 


0.05 


NaCulmene 


4.0 


4.0 


1.0 


3.0 


1.2 




Sulfonate 














Borate 


0.6 


0.6 




3.0 


2.0 


3.0 


Na hydroxide 


6.0 


6.0 


2.0 


3.5 


4.0 


3.0 


Ethanol 


2.0 


2.0 


1.0 


4.0 


4.0 


3.0 


1,2 Propanediol 


3.0 


3.0 


2.0 


8.0 


8.0 


5.0 


Mono- 


3.0 


3.0 


1.5 


1.0 


2.5 


1.0 


ethanolamine 














TEPAE 


2.0 


2.0 




1.0 


1.0 


1.0 


PB1 






4.5 




2.8 




Protease A 


0.03 


0.03 


0.01 


0.03 


0.02 


0.02 
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i i n in iv v 

Lipase - - - 0.002 - 

Amylase • - - - 0.002 

Cellulase - ... 0.0001 

Pectin Lyase 0.005 0.005 

Aldose Oxidase 0.05 - - 0.05 - 0.02 

Galactose oxidase - 0.04 

Perhydrolase 0.03 0.05 0.01 0.03 0.08 0.02 

MCAEM 3.2 4.6 1.8 3.5 6.2 2.8 

(C 12-C15 E$ 
Acetate) 

PAAC 0.03 0.03 0.02 - 

DETBCHD - - - 0.02 0.01 

SRP 1 0.2 0.2 - 0.1 

DTPA - 0.3 

PVNO - 0.3 0.2 

Brightenerl 0.2 0.2 0.07 0.1 - 

Silicone antifoam 0.04 0.04 0.02 0.1 0.1 0.1 

Balance to 100% perfume / dye, and/or water 



EXAMPLE 25 
Compact High-Density Dishwashing Detergents 

5 The following compact high density dishwashing detergent of the present 

invention are prepared: 

i n m iv v vi 

STPP - 45.0 45.0 - - 40.0 
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I 


n 


in 


IV 


V 


VI 


3Na Citrate 2H 2 0 


17.0 


- 


- 


50.0 


40.2 


- 


Na Carbonate 


17.5 


14.0 


20.0 


- 


8.0 


33.6 


Bicarbonate 


m 


- 


- 


26.0 


- 


- 


Silicate 


15.0 


15.0 


8.0 


- 


25.0 


3.6 


Metasilicate 


2.5 


4.5 


4.5 


- 


- 


- 


PB1 


- 


- 


4.5 


- 


- 


- 


PB4 






- 


5.0 


- 


- 


Percarbpnate 


_ 








- 


4.8 


BB1 




0.1 


0.1 


- 


0.5 


- 


BB2 


0.2 


0.05 


- 


0.1 


- 


0.6 


Nonionic 


2.0 


1.5 


1.5 


3.0 


1.9 


5.9 


HEDP 


1.0 








- 


- 


DETPMP 


0.6 


— 






- 


- 


PAAC 


0.03 


0.05 


0.02 


- 


- 


- 


Paraffin 


0.5 


0.4 


0.4 


0.6 


- 


- 


Protease B 


0.072 


0.053 


0.053 


0.026 


0.059 


0.01 


Amylase 


0.012 


- 


0.012 


- 


0.021 


0.006 


Lipase 




0.001 


- 


0.005 


- 


- 


Pectin Lyase 


0.001 


0.001 


0.001 


- 


- 


- 


Aldose Oxidase 


0.05 


0.05 


0.03 


0.01 


0.02 


0.01 


Perhydrolase 


0.072 


0.053 


0.053 


0.026 


0.059 


0.01 


MCAEM 


3.5 


2.8 


1.6 


7.5 


4.2 


0.8 


(C 12-C13E6.5 














Acetate) 














BTA 


0.3 


0.2 


0.2 


0.3 


0.3 


0.3 


Polycarboxylate 


6.0 








4.0 


0.9 
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i n m iv v vi 

Perfume 0.2 0.1 0.1 0.2 0.2 0.2 

Balance to 100% Moisture and/or Minors* 

♦Brightener / Dye / SRP1 / Na CarboxymethylceUulose/ Photobleach / MgS0 4 / PVPVI/ Suds 
suppressor /High Molecular PEG/Clay. 

The pH of compositions (I) through (VT) is firom about 9.6 to about 1 1 .3. 

5 

EXAMPLE 26 
Tablet Detergent Compositions 
The following tablet detergent compositions of the present invention are prepared 
by compression of a granular dishwashing detergent composition at a pressure of 
10 13KN/cm 2 using a standard 12 head rotary press. 

I II HI IV V VI VII VIII 

STPP - 48.8 44.7 38.2 - 42.4 46.1 36.0 

3Na Citrate 2H 2 0 20.0 - - - 35.9 

Na Carbonate 20.0 5.0 14.0 15.4 8.0 23.0 20.0 28.0 

Silicate 15.0 14.8 15.0 12.6 23.4 2.9 4.3 4.2 

Lipase 0.001 - 0.01 - 0.02 - 

Protease B 0.042 0.072 0.042 0.031 - 

Protease C - - - 0.052 0.023 0.023 0.029 

Perhydrolase 0.01 0.08 0.05 0.04 0.052 0.023 0.023 0.029 

MCAEM 2.8 6.5 4.5 3.8 4.6 2.8 2.8 2.8 
(C 12-C13 E 6.5 
Acetate) 

Amylase 0.012 0.012 0.012 - 0.015 - 0.017 0.002 
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i n m rv v vi vii vni 

Pectin Lyase 0.005 - - 0.002 - 

Aldose Oxidase - 0.03 - 0.02 0.02 - 0.03 

PB1 - - 3.8 - 7.8 - - 8.5 

Percarbonate 6.0 - - 6.0 5.0 

BB1 0.2 - 0.5 - 0.3 0.2 

BB2 - 0.2 0.5 - - 0.1 0.2 

Nonionic 1.5 2.0 2.0 2.2 1.0 4.2 4.0 6.5 

PAAC 0.01 0.01 0.02 - 

DETBCHD ... 0.02 0.02 

TAED 24 - 1.6 

HEDP 1.0 - - 0.9 - 0.4 0.2 

DETPMP 0.7 ------ " 

Paraffin 0.4 0 T 5 0.5 0.5 - - 0.5 - 

BTA 0.2 0.3 0.3 0.3 0.3 0.3 0.3 

Polycarboxylate 4.0 - - 4.9 0.6 0.8 

PEG 400-30,000 ----- 2.0 - 2.0 

Glycerol 0.4-0.5 

Perfume - - - 0:05 0.2 0.2 0.2 0.2 
Balance to 100% Moisture and/or Minors* 

♦Brightener / Dye / SRP1 / Na Carboxymemylcellulose/ Photobleach / MgS0 4 / PVPVI/ Suds 
suppressor /High Molecular PEG/Clay. 

The pH of Compositions (I) through 7(Vm) is from about 10 to about 1 1.5. 

The tablet weight of Compositions 7(1) through 7(Vm) is from about 20 grams to about 30 

grams. 

EXAMPLE 27 
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Liquid Hard Surface Cleaning Detergents 



The following liquid hard surface cleaning detergent compositions of the present 
invention are prepared 





I 


n 


in 


IV 


V 


VI 


VII 


C9-C11E5 


2.4 


1.9 


2.5 


2.5 


2.5 


2.4 


2.5 


C12-C14E5 


3.6 


2.9 


2.5 


2.5 


2.5 


3.6 


2.5 


C7-C9E6 


- 


- 


- 


- 


8.0 


- 


- 


C12-CI4E21 


1.0 


0.8 


4.0 


2.0 


2.0 


1.0 


2.0 


LAS 


- 


- 


- 


0.8 


0.8 


- 


0.8 


Sodium culmene sulfonate 


1.5 


2.6 


- 


1.5 


1.5 


1.5 


1.5 


Isachem ® AS 


0.6 


0.6 


- 


- 


- 


0.6 


- 


Na2C0 3 


0.6 


0.13 


0.6 


0.1 


0.2 


0.6 


0.2 


3Na Citrate 2H 2 0 


0.5 


0.56 


0.5 


0.6 


0.75 


0.5 


0.75 


NaOH 


0.3 


0.33 


0.3 


0.3 


0.5 


0.3 


0.5 


Fatty Acid 


0.6 


0.13 


0.6 


0.1 


0.4 


0.6 


0.4 


2-butyl octanol 


0.3 


0.3 


- 


0.3 


0.3 


0.3 


0.3 


PEG DME-2000® 


0.4 




0.3 


0.35 


0.5 






PVP 


0.3 


0.4 


0.6 


0.3 


0.5 






MME PEG (2000)® 












0.5 


0.5 


Jeffamine ® ED-2001 




0.4 






0.5 






PAAC 








0.03 


0.03 


0.03 




DETBCHD 


0.03 


0.05 


0.05 










Protease B 


0.07 


0.05 


0.05 


0.03 


0.06 


0.01 


0.04 


Amylase 


0.12 


0.01 


0.01 




0.02 




0.01 


Lipase 




0.001 




0.005 




0.005 




Perhydrolase 


0.07 


0.05 


0.08 


0.03 


0.06 


0.01 


0.04 
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i n in iv v vi vn 

MCAEM (C12-C15E8 3.5 5.6 4.8 5.3 3.6 8.0 4.7 

Acetate) 

Pectin Lyase 0.001 - 0.001 - - - 0.002 

PB1 - 4.6 3.8 

Aldose Oxidase " 0.05 - 0.03 - 0.02 0.02 0.05 

Balance to 100% perfume / dye, and/or water 

The pH of Compositions (I) through (VII) is from about 7.4 to about 9.5. 



All patents and publications mentioned in the specification are indicative of the 
levels of those skilled in the art to which the invention pertains. All patents and 
5 publications are herein incorporated by reference to the same extent as if each individual 
publication was specifically and individually indicated to be incorporated by reference. 

Having described the preferred embodiments of the present invention, it will 
appear to those ordinarily skilled in the art that various modifications may be made to the 
disclosed embodiments, and that such modifications are intended to be within the scope 
10 of the present invention. 

Those of skill in the art readily appreciate that the present invention is well 
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as 
those inherent therein. The compositions and methods described herein are representative 
of preferred embodiments, are exemplary, and are not intended as limitations on the scope 
15 of the invention. It is readily apparent to one skilled in the art that varying substitutions 
and modifications maybe made to the invention disclosed herein without departing from 
the scope and spirit of the invention. 

The invention illustratively described herein suitably may be practiced in the 
absence of any element or elements, limitation or limitations which is not specifically 
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disclosed herein. The terms and expressions which have been employed are used as 
terms of description and not of limitation, and there is no intention that in the use of such 
terms and expressions of excluding any equivalents of the features shown and described 
or portions thereof, but it is recognized that various modifications are possible within the 
scope of the invention claimed. Thus, it should be understood that although the present 
invention'has been specifically disclosed by preferred embodiments and optional features, 
modification and variation of the concepts herein disclosed may be resorted to by those 
skilled in the art, and that such modifications and variations are considered to be within 
the scope of this invention as defined by the appended claims. 

The invention has been described broadly and genetically herein. Each of the 
narrower species and subgeneric groupings falling within the generic disclosure also form 
part of the invention. This includes the generic description of the invention with a proviso 
or negative limitation removing any subject matter from the genus, regardless of whether 
or not the excised material is specifically recited herein. 
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